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ABSTRACT

OceanAcousticomography data are significantly.degraded if

mooring motion is unknown. An autonomous instrument~empyroying a

solid state data logger designed to track and record mooring

motion is described.

Navigation is accomplished by simultaneously interrogating

each of three bottom mounted transponders positioned in an
equilateral triangle around the mooring's anchor at a range

approximately equal to the depth of the tracked instrument. The

three round-trip travel times thus obtained) having a resolution
of 125uS and a SNR dependent jitter of less than 1.5mS, define a

unique instrument position and are recorded along with the time

of day and day of year.

The measurement period, the system clock and the program

start time are set via a 20mA SAIL. Since the standby power
requirement is negligible compared to the battery capacity, the

instrument may be programmed months in advance of (thd'deployment.

System endurance varies with the measurement period,

however, typical programs permit navigation for up to 21 months

at 12 points per day.

Upon recovery, the navigator data may be down-loaded via SAIL

directly to the storage medium of a suitable computer.
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1.0 GENERAL DESCRIPTION

1.1 Introduction

The requirement to spatially track acoustic transceivers

moored as part of an Ocean Acoustic Tomography experiment has led

the Woods Hole Oceanographic Institution and Benthos Inc. of

Falmouth, Ma, to develop an acoustic mooring navigation system.

The electronics module designed at W.H.O.I. and described in

this manual is used with the BENTHOS model (ES) 210-TCSSA

acoustic transceiver. Together they form a Mooring Motion

Monitoring Module (QUAD M) Interrogator.

This document serves as a system hardware reference manual

for the technical, but uninitiated user. It references other

hardware manuals where appropriate and provides system-oriented

information unavailable elsewhere. A copy of the interrogator

control program (PNAVLGR) is included as an addendum to this

manual.

1.2 System Components

Tracking is accomplished by measuring round-trip travel time

from the interrogator to three transponders. The transponders are

moored about three meters above the ocean floor and approximately

one water depth away from the mooring anchor.

4



Figure 1 is a block diagram of a mooring equipped to monitor

the motion of an instrument mounted near a sub-surface float.

"A", "B", and "C", are bottom-mounted acoustic transponders,

either Benthos model 210-TR17A-GF which are recoverable or model

XT-6000 which are not. The interrogator is mounted as near as

practical to the instrument tracked. The frequencies depicted

are those which were originally employed. To remain compatible

with as many tomography instruments as possible, the 13.5kHz

channel has been retuned to 12.0kHz.

The interrogator pings to all three transponders

simultaneously at a predetermined time and at a predetermined

rate. The time required to receive a response from each

transponder, along with the time of day and date, are stored in

CMOS static RAM.

The operating parameters are set via the Serial ASCII

Instrumentation Loop (SAIL). Pre-deployment checks and data

retrieval are also accomplished over the SAIL. A formal

description of the SAIL standard is presented in U.N.O.L.S. Ref.

TAC-81-1 Aug. 1981, "Serial ASCII Instrumentation Loop (SAIL)" or

IEEE standard 997-1985.
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2.0 SPECIFICATIONS

2.1 Interrogator

The transceiver specifications, except the electrical power

source and operating life, are as listed in the Benthos operating

manual for the (ES)210-TCSSA. These two exceptions are the result

of replacing a MICRO tape recorder and its associated control

electronics with a solid state memory and a power-switched,

microprocessor-based controller. The transceiver configured in

this manner will henceforth be referred to as an interrogator.

2.2 Power

Twenty-one 1.5 volt "D" size alkaline cells supply power for

the interrogator. The DURACELL B1300-T2, with spot welded solder

tabs 6n bot , terminals iz. Lhe preferred call.

The cells are configured as follows: Two diode-isolated

parallel strings, each consisting of 9 cells are wired in series

yielding 12 volts, then 3 cells are wired in saries with the 12

volt stack to yield 16 volts. The battery thus formed is tapped at

12 volts to power the acoustic receiver and the digital electronics,

while the 16 volt tap supplies the pinger's power amplifier.

De-rating for temperature and storage, and assuming an

average cell voltage of I volt, each cell will yield approximately

10 watt hours. The above stack is therefore rated at 210 watt hours.
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Making one measurement per hour, the interrogator requires fewer than

0.0045 watt hours. This yields an operating life in excess of 5

years, which exceeds the nominal self discharge time of an alkaline

cell. It is however, recommended that the battery be replaced before

each deployment.

2.3 Schedule

A measurement may be made as often as every three minutes,

or as seldom as once every 999 minutes. The time-of-day clock

must be set to the nearest whole minute. Assuming that the

clock's oscillator was adjusted to 32.768kHz with the

interrogator at the same temperature encountered while deployed,

its time will be accurate to within +/- 5 minutes after 365 days,

i.e., the clock will lose or gain about 1 second per day. The

start of a measurement sequence may be scheduled on any whole

minute of the year. Leap years are not accounted for so the clock

will reset to day 1 on day 366 of a leap year. Note: Interrogator

S/N 005 has an alternate program allowing it to make measurements

as often as every 3 seconds or as seldom as every 999 seconds.

This system is typically employed as a recording acoustic range

finder for towed instruments.

2.4 Data Format

The 60K RAM (Random Access Memory) allows space for 7648

measurements which, at 12 measurements per day, yields a system

endurance in excess of twenty months. After the 7649th
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measurement, which will be made but not stored, the system will

enter the "rdle" mode, and no further measurements will be made.

Each measurement consists of a 16 bit time-of-day word, and

three 16 bit two-way travel time words. The time of day is

recorded with a resolution of one hour. An LSB oT travel time is

equal to 250 uS. Measurement data, stored beginning at RAM

address 1O00H, are ordered as follows:

Time of day, Travel time A, Travel time B, and Travel time C.

The time of day is encoded as follows:

BIT # 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

UNITS HD HD TD TTD TD UD UUD UD TH TH UH UH UH UH

WEIGHT 2 1 8 4 2 1 8 4 2 1 2 1 8 4 2 1

Where HD is hundreds of days, TD is tens of days, UD is units uf

days, TH is tens of hours, and UH is units of hours.

As an example, a time code word of 11D6H would convert to

day 047 hour 16 as follows:

1 1 D 6

00 0100 0111 01 0110
HD TD UD TH UH

0 4 7 1 6

2.5 Transponder

The transponder specifications may be found in BENTHOS

report 0-210-TR17A-GF or the XT-6000 Technical Manual.
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3.0 OPERATION

3.1 Power On / Reset

Following the instructions in Benthos manual O-210-TCSSA,

section 2.1, remove the electronics from the pressure housing.

Position the electronics with the back-plane wiring facing away

from you and with the transducer on your left. Locate the power

switch near the transducer end of the instrument and ensure that
it is in the "on" position. Locate the reset pins on the opposite

end of the instrument and short them together for at least five

seconds. This will reset the digital electronics and start the

microprocessor.

3.2 Connect to SAIL

Connect to the SAIL via the banana jacks on the controller

electronics card. Insure that the loop is closed and connect a

terminal to the SAIL / RS-232 converter. Set the terminal for

seven data bits, even parity, 1 stop bit, and 300 baud.

3.3 Monitor Current

Connect a digital voltmeter between test points 1 and ?

which are located on either side of RI on the System Control card.

The meter will read total system current scaled at lOOuA/mV.
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Once the SAIL loop is closed and a full minute has elapsed, the
voltmeter will read between 60 and 80 mV. If less than a minute has

elapsed the reading may be between .3 and .6 mV. Wait for the

higher reading which indicates that the processor is awake and ready

for SAIL control.

Note: Most of the interrogators are now equipped with a LED to

monitor the switched power. With these instruments there is no

need '9 monitor the voltage across RI. Simply wait for the LED to

light before attempting to address the interrogator.

3.4 Address

Once the microprocessor has detected the presence of a

closed SAIL and applied power to the rest of the system, the

instrument may be addressed by typing #In where n is the
interrogator's serial number. A correctly addressed instrument

will respond with:

In READY

EXAMPLE #I3 <--- You type this line

13 READY <--- Interrogator

<--- reply

The ":" in the above example is the system prompt and signifies

that the interrogator is awaiting commands. Type an H and the
interrogator will print a list of the available commands.
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EXAMPLE
:H

INTERROGATOR PROGRAM Ver. 1.1 Jan. 1985

SYSTEM COMMANDS

!Maaaa dddd LOAD MEMORY

?M DISPLAY MEMORY

?Paaaa RUN PROGRAM

?C CALCULATE CRC

M MOVE MEMORY

R TEST RAM

?S DISPLAY SCHEDULE

!SCHEDULE PROGRAM SCHEDULE

!TIME SET CLOCK

?T DISPLAY TIME

!LOCK PROTECT MEMORY

!UNLOCK UNPROTECT MEMORY

!IDLE INHIBIT SCHEDULER

!PING TRANSMIT A OimS PULSE

3.5 Entering Commands

To initiate a command, simply type it exactly as it is listed

,n the "HELP" file. An error message will be printed in response

to an unrecognized command. Usually this message will be followed

by the "prompt", at which time you may try re-entering the

command. NOTE: Commands are NOT terminated with a 'Carriage
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Returno, but ALL numeric entries in response to system prompts

MUST be terminated with a "Space'.

3.6 Correcting Errors

Numeric entries are expected to be a certain number of

digits in length. For example, when entering the start hour, a

two digit figure is expected; but when entering the measurement

interval, a three digit figure is expected. Only the last n

digits typed prior to a "Space" are entered ( n is the number of

digits expected ). Because of this, typing errors may be corrected

by simply typing the correct figure immediately after the error.

For example, when entering the measurement interval, if you

mistakenly type 20 when what you really wanted was 120, the

corrected entry would look like this: 20120. Similarly, an hour

entry of 2314234121 would be accepted as hour 21.

3.7 PROM Test

Test the system program memory by typing ?C and answering

the questions with 0 over 800, and 800 over 800. Verify the

correct response by comparing the calculated CRC with the values

recorded on the PROMS, IC 4 and 5.

EXAMPLE : ?CRC From 000 Over 800 = 994C

: ?CRC From 800 Over 800 = EF9A
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3.8 RAN Test

Test the system RAM by typing !UNLOCK. The system will

respond with OK. Then type an R. The system will respond by

typing a cosmetic "am" an6 the words "Test From". You answer

with 1000, and the system will then type Over, to which you

answer FOOO. A RAM test over this much memory requires about one

minute and seven seconds. After each successful pass, the system

will type a *. Ten such passes would indicate good memory. Reset

and address the system as in 3.1 and 3.4 respectively.

EXAMPLE !UNLOCK OK

Ram Test From 1000 Over FOOO OK (Y/N) ? Y

The !UNLOCK command is required since RAM test will

overwrite any measurements previously stored. The program will

automatically execute the !LOCK command when the RAM test is

terminated.

3.9 Clock Set

Set the system clock by typing !TIME DD HH 19 00 where DDD

is the year day, HH is hours and MM is minutes. Since the

interrogator clock has a one minute resolution, seconds must

always be entered as 00 and the clock must be started on the

minute. When real time is equal to the time entered, type an @.

This will start the clock. To verify that the correct time was

entered and that the clock is running, re-address the instrument

(Section 3.4) and after the prompt, type ?T. The interrogator will
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respond with the current time plus one minute, wait for the real time

to equal the time just printed and, on the mark, printing an @.

EXAMPLE !TIME 123 21 35 00 @

#In

#In READY

?T 123 21:36 00 Z...@

3.10 Schedule

Set the operating schedule by typing !SCHEDULE. The

Interrogator will ask you for Start day, hour, minute, and the

measurement interval. Terminate all entries with a SPACE. When

all parameters have been entered, the interrogator will ask

permission before activating the scheduler.

EXAMPLE : !SCHEDULE

Start on day = 115 Hour = 18 Minute = 30

Measurement interval, minutes = 060 OK (Y/N) ? Y

3.11 Verify Schedule

Verify that the schedule has been accepted as entered by

typing ?S. lhe interrogator will respond by typing the current

time and schedule in addition to the system status (ARMED, not

ARMED, or ACTIVE). If the system is ACTIVE, the number of minutes

remaining to the next measurement (in HEX) and the current data
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address pointer will also be shown.

EXAMPLE : ?S

At 115 18:10

Start on day = 115 hour = 18 minute = 30

Measurement interval = 060 minutes

Scheduler is ARMED BUT NOT ACTIVE

3.12 Test Pinger

Test the pinger by typing !PING. The interrogator will

respond by typing OK (Y/N) ? If you next type a Y you should

hear the transmit pulse.

EXAMPLE !PING OK ('/t) Y

3.13 Final Test

Disconnect the SAIL cable and observe the system current

immediately drop to some value below lOOuA. At the next one

minute mark, the current will rise to a level near 7mA and stay

at that level for about 70mS. If the interrogator is equipped

with a LED, it will dimly flash. These observations indicate that

the interrogator is functioning correctly and the instrument may

be encased in its pressure housing. Refer to section 2.1 of
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BENTHOS manual (ES) 210-TCSSA and, following instructions there,

place the electronics within the pressure housing. At this point

the interrogator is ready for deployment.

3.14 Data Recovery (fast)

When the instrument is recovered, the data which are stored

in RAM may be down loaded at a high baud rate directly to the

storage medium of a suitably equipped computer. Be careful not to

interrupt power to the system in any way as this WILL result in

lost data. Proceed as follows:

a. Remove the electronics from the pressure housing (3.1)

b. Connect the SAIL to RS-232 converter box. (3.2)

c. Monitor current, and wait for the high reading. (3.3)

d. Replace the jumper plug located on the control card

(P3) with the cable from the 5 VOLT BAUD RATE

GENERATOR. Set the baud rate generator for 9600 baud.

(see Figure 8.)

e. Connect the auxiliary I/O port of the computer to the

RS-232 connector on the SAIL to RS-232 converter.

f. Set this port for 9600 baud, seven data bits, one stop

bit, and even parity.
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g. Using the computer terminal (and the appropriate

communications program) address the interrogator. (3.4)

h. Type ?S to verify that the system is still "ACTIVE",

that the clock is still running, and to obtain the data

address pointer. Subtract 1000H from the current

address pointer, and make note of the result.

i. Type IDLE to inhibit further measurements.

j. Prepare the computer to receive an ASCII data file, and

type ?M. The system will respond by printing From.

You respond by typing 1000. The system will then print

Over, and you respond by typing the result of the

calculation done in 3.14 (h.) followed by a carriage

return.

The interrogator down loads two measurements per line. A

full memory (7648 measurements) requires approximately three

minutes to down load.
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4.0 THEORY OF OPERATION

4.1 Acoustic Electronics

Section 5 of Benthos report O-210-TCSSA explains the

operation of the acoustic electronics.

4.2 Power Supply

Refer to Figure 2, which is a simplified block diagram of

the interrogator. The capacitor board, the 5 volt regulator, and

the low voltage detector are the only blocks which receive power

directly from the battery. The 5 volt regulator supplies power on

a continuous basis to two other blocks, the clock, and the 60K

CMOS static RAM. All other blocks are powered intermittently.

Refer to Figure 3, which is a schematic drawing of the

interrogator power supply. These components are located on the

SYSTEM CONTROL PC card. RI is in series with the 12 volt stack,

and is used as a current sense resistor for the entire

electronics package. A voltmeter placed across this resistor will

display current scaled at 100 uA/mV. The ICL 7663 is a micro-

power voltage regulator with over-current sense. The output of

this regulator is set to 5.5 volts by adjusting P1. The 2N3643 is

a series pass transistor used to supply surge current during

the power-up sequence.

The ICL7665 is a micro-power under voltage detector. Its
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purpose is to monitor the battery and at a preset voltage inhibit

further measurements in order to conserve battery power for data

retention. When the battery voltage drops below 6.6 volts, LV NOT

goes true (logic 0). This will stop a measurement in progress,

and inhibit any further measurements from being initiated. LV NOT

will remain true until the input voltage on Pl-12 rises above 7.8

volts. The 1.2 volt hysteresis preverts the switch from

oscillating between true and false, whic> could occur due to the

difference between the open circuit voltage of the battery and

the battery voltage while the system is enabled.

4.3 System Control

Refer to Figure 4. This is a schematic of the interrogator

system control. These components are located on the same card as

the power supply. 5 volt logic power enters through diode D1.

This diode drops approximately .5 volts so that VCC and VDD to

all components on this card will equal about 5 volts. If this is

not the case, check the adjustment of R24.

IC 5,6, and 7 provide a once-per-minute pulse. If the

rest of the system is already powered, this pulse simply

generates an interrupt for the microprocessor (IC9). If the rest

of the system was not already powered, the once-per-minute pulse

will clock a HIGH to pin 13 of IC 4. This causes pin 4 of

IC 2 to go LOW which enables system memory and turns on Q2.

VDD is applied to the remaining unpowered ICs on this card

when Q2 is on. IC 11, which was already powered, now has VDD on

input pins 3 and 6. VDD is level shifted via this IC to 12 volts

and fed through PI directly to the BENTHOS electronics.
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When VDD first goes high, a reset pulse is generated via C4

charging through R8. The reset pulse is applied directly to pin

11 of IC 15 which inhibits this IC and prevents inadvertent I/O

operations. The reset pulse is also inverted via IC 2 and 12.

The inverted reset (CLR NOT) is level shifted via IC 11 and

routed to the BENTHOS transmitter through P1. This signal, along

with a slight modification to the BENTHOS electronics, prevents

the transmitter from pinging upon power up. CLR NOT is also

connected to IC 9 and 10. IC 9 is the microprocessor, and when

CLR NOT goes HIGH, program execution begins at address 0000.

The software clock is updated once the program has been

initialized, and the UART (IC 10) is examined to determine if the

SAIL is open or closed. If thc loop is found to be open, a test

is made to determine if it is time to begin a measurement cycle.

If the loop is closed, interrupts are enabled and take over the

function of updating the clock. If the loop is open and it is not

time to begin a measurement the microprocessor generates a signal

which appears on IC 15 pin 2. This signal is then gated to the

reset pin of IC 4 via the OR gate composed of IC 2 and 3. Resetting

IC 4 causes a HIGH to appear on pin 4 of IC 2 which will disable the

memory select circuits and cause Q2 to turn off. The disable signal

is inverted by IC 3, and the LOW thus produced is connected to VDD.

Since Q2 is no longer conducting, this LOW will cause VDD to drop

rapidly.

NOTE: It is important to remember that the microprocessor reacts

to a manual reset in exactly the same fashion that it reacts to

the once-per-minute tick. For this reason, the interrogator clock,

which resides only in software, will be advanced one minute with

each manual reset, regardless of how much time has actually

elapsed.
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IC 14 and 13 divide the 1MHz clock by 250 to produce a 4

kHz square wave which is applied to pin 21 of IC 9. During a

measurement sequence, the microprocessor will increment three

separate counters on each rising edge of this signal. The action

begins immediately after a ping is transmitted, and continues

until either all three transponders reply or the counters

overflow. The reply detected signals (fl,f2, and f3) from the

BENTHOS electronics enter through P1, are level shifted by IC 12,

and latched by IC 16. The output of the latch is connected to

pins 22, 23, and 24 of the microprocessor; these are three of the

flag lines. When the microprocessor detects one of these flags,

it stops incrementing the counter associated with that reply

channel. The number remaining in the counter represents the two-

way travel time. A counter which contains all zeros has

overflowed and indicates no reply on that channel.

IC 18 converts the 20 mA SAIL levels to 5 volt CMOS levels

for the UART, and provides an output which indicates an open

loop. IC 17 divides the TPA clock signal from IC 9 by 26 to

provide the 16X clock rate the UART requires to run at 300 baud.

The Q4 output of IC 15 and the DO output of IC 18

synchronize the clock. Once the time has been entered, the

microprocessor generates a signal which causes Q4 of IC 15 to go

HIGH. This is the SET signal and is applied to the set input of

IC 6. Pin I of this IC goes HIGH and is gated by the OR gate

formed with IC 2 and 3 to the reset inputs of IC 5,6, 7. This

stops the clock's oscillator and resets its down counters. The

start bit of any character typed over the loop will be inverted

by IC 3 and used to clock IC 6. This will remove the reset and

allow the clock's oscillator and down counters to operate. If

the character was not an "@", the microprocessor will again
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generate the signal which causes Q4 of IC 15 to go HIGH, and the

cycle repeats.

4.4 Memory Control

Refer to Figure 5. This is a schematic of the memory control

electronics. These components are located on the 64K memory card.

IC 17 gates the buffered MWR NOT and MRD NOT signals with

the DISABLE signal generated on the system control card. This

signal will go true just before power is removed from the

microprocessor. When disable is true, both XMWR NOT and XMRD NOT

are false (logic "I"). XMRD NOT being HIGH holds IC 21 reset. The Q4

output of IC 21 is applied to pin 8 of IC 13; and since pin 9 of

this IC is also HIGH, its output, pin 10, is LOW. This is the

memory on (or enable memory bus) signal, and when LOW, inhibits

all memory operations by de-selecting the memory chips and by

turning off the memory bus drivers.

IC 16, 18, and the remaining NAND gates of IC 13 decode

the address lines to produce the 8K selects which enable the

HM6264 RAM chips on this card. IC 12 decodes the proper address

lines to produce the 2K selects which are required by the

27C16 PROM chips, and the HM6116 RAM chips. Since the PROM is

power switched, the 2K selects used by these chips are buffered

by IC 19. IC 21 is a counter and, with IC 13, is used to truncate

the memory cycle and thus conserve power. It is recommended that

the jumper from pin 8 of IC 13 to pin 11 of IC 21 be moved to pin

13 of IC 21, thereby increasing the memory enabled time by IuS.

This modification, although not essential and causing a slight

increase in power consumption, will improve the system's reliability.
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4.5 64K Memory

Refer to Figure 6. This is a schematic of the system memory.

These components are located on the same card as the memory

control electronics. A 24 pin ribbon cable connects the memory

card to the system control card. The memory is fully buffered by

IC 18 and 22 which buffer the data lines and IC 14 and 15 which

buffer the address and clock lines. Since IC 4 and 5 are power

switched the MRD NOT signal is buffered by IC 19.

Power for this card is supplied via a disconnect through two

diodes which isolate the logic power from the memory back-up

battery. The back-up battery is composed of three AAA cells wired

in series and, if used, is mounted on the rail over the system

control card.
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5.0 MODIFIED BENTHOS ELECTRONICS

Slight modifications were made to the electronics supplied

by BENTHOS. The effects of these modifications are as follows:

a. A six-volt tap from the battery stack is eliminated.

b. Transmitting on every power-up sequence is prevented.

5.1 Logic Board

Refer to BENTHOS drawing B-210-248. This is a schematic

for the LOGIC board which must be modified to make provision for

a power-up reset pulse. The power-up reset pulse originates on

the system control card and inhibits the pinger during the power

on cycles which occur at the rate of one per minute. Remove the

LOGIC board from the chassis and locate IC 2, a CD4098B. Remove

the etch between pins 3, 16, and 13 of IC 2. Connect pin 13 to

pin 16 with a short jumper. Connect pin 3 to board I/O pin 10

with another short jumper. Clean the board of flux, and re-coat

the patched area with a clear acrylic.

5.2 Back-Plane

Clip the white wire from the pin 5 end of the IOK ohm

resistor located on the CAPACITOR card connector between pins 5

and 7. Connect this wire to pin 10 of the LOGIC card connector.
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5.3 Battery Stack

Locate the 12 pin female MOLEX connector which exits the

battery housing. Remove the orange wire from pin 1 of this

connector, and discard it. Remove the red wire from pin 2 and

place it in pin 1. Remove the white/red trace wire from pin 7

and place it in pin 2.

Refer to Figure 7. This is a schematic of the modified

stack. Using twenty-one B1300-T2 alkaline cells and two IN4002

diodes, construct such a stack and connect it to the molex

connector as illustrated.

33



f Red

+ and - indicate polarit+ of top

" + cell in a three cell series string.

+ ---- wiring on bottom of stack

- wiring on top of stack

----- White S

\ Black

----- ----------- ------- ')V

I N4002

IN4002Pin 
10 +isv

Red Pin I +12U

21 MN1300 ('D" Cells)

Black
Pin 9 0'U

12 pin Female 
Molex

(Pin View)

/f' 1_1 10

9 8 7

6666 S 4

2 1

Figure 7: Interrogator Battery Pack
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8.0 APPENDIX

8.1 Deployment History

During the past five years, the interrogator has been

successfully employed to navigate more than twenty moorings set

as part of five major Tomography experiments fielded in the North

Atlantic, North Pacific, Gulf of Mexico, the Greenland Sea and

the Mediterranean.

Twice during the course of these experiments an interrogator

has failed. One system recovered from the RTE-88 experiment

failed after three months of operation. Interrogator S/N 008 was

recovered from the Greenland Sea in 1989 with a completely

depleted battery. On inspection a leaky cell in the battery

stack was discovered and may have caused the problem. However,

both of these failures might also be attributed to a marginal

memory component forcing the program to "hang", which in turn

would disable power switching and cause the battery to drain at a

6 to 10mA rate. The modification recommended at the end of

section 4.4 should help to eliminate this type of failure.
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8.2 PNAVLGR Program

INTERROGATOR GLOBAL PAGE
-----------------------------------

LABEL ADDRESS FUNCTION LABEL ADDRESS FUNCTION

GLOBAL FF00 UART STAT. OR CHAR DSHD FF30 DEC. STRT.H.D.
1 SYSTEM ERROA FLAG 1 " T.D.
2 2 so U.D.
3 USED BY SALTTY 3 g " T.H.
4 of of of 4 of U.H.

SCRACH 5 5 o " T.M.
6 USED BY HTOA DSUM 6 if U.M.
7 - of " so 7 --
8 USED BY PHXIN ASHD 8 ASCII STRT.H.D.
9 " " " 9 " o T.D.
A A o f U.D.

CRCHI B CRC HIGH BYTE B " STOP CHAR.
CRCLO C CRC LOW BYTE ASTH C STRT.T.H.

D D go U.H.
STRADD E STORE ADDRESS HI E " STOP CHAR.

F " " LO ASTM F STRT T.M.
HD YF10 DEC. H. DAYS ASUM FF40 ASCII STRT.U.M.

". so T. " I " STOP CHAR.
2 of U. I 2
3 " T. HOURS GOFLG 3 GO FLAG HI AA -
4 " U. is 4 of IV LO SET
5 " T. MINUTES DIHM 5 DEC. INT. H.M.
6 t U. of 6 i " T.M.

TICK 7 TICK FLAG 7 of of U.M.
NXTM 8 ASCII H. DAYS 8

9 " T, It 9
A t U. " AIHM A ASCII INT.H.M.
B ASCII SPACE B " " T.M.
C " T. HOURS C " U.M.
D U. " D " STOP CHAR.
E " : CHARACTER E
F T. MINUTES F

FF20 ASCII U. MINUTES FF50
1 " STOP CHARACTER 1
2 2
3 3

HEXMI 4 HEX MEAS. INT. HI 4
5 " " " LO 5

MINOW 6 HEX MINS.TO NEXT HI 6
7 if is of of LO 7
8 8

SIHD 9 DEC. TIME + I MIN. 9
A " " T.D. A
B of I U.D. B
C " o T.H. C
D " " U.H. D
E " " T.M. E

SlUM F o U.M. F
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MOGATOR CaTOL/DATA LGG (PNAVLGR.AC) MACRO-18 3.36 PAGE

TITLE O R CCNTROL/DATA LOGGER (PNAVLR.MAC)
SUBT7L WOODS HOLE OCEANOGRAPHIC INST. OCEAN ENGINEERING

Ver. 1.1 27 Feb. 1985 By Steve Liberatore

Copyright (c) 1985 Woods Hole Oceanographic Institution.
All rights reserved.

;A SAIL compatible micro-power Controller / Data Logger for the
;Benthos Quad-M Transceiver. All standard 1802 monitor functions
;are implemented alcg with extensive self test capabilities.
;The 60k (FOOO) RAM memory allows space for 7648 measurements.
;The 7649th measurement will not be stored, and will cause the
;system to idle. A measurement will consist of a 16 bit time
;code word, and three 16 bit two way travel time words. When
;output to disk there will be two measurements per line. An LSB
;of travel time will be equivalent to 250 uS., and time will be
;encoded as follows:

;BIT# 151413121110 9 8 7 6 5 4 3 2 1 0
;UNITS HDTHD TDTDTD UDUD UDDTHTHUHUHUHUH
;WEIGHT 2 1 8 4 2 1 8 4 2 1 2 1 8 4 2 1

;Measurement data will be stored in memory beginning at address
;1000H and ordered as follows:

;TIME CODE, TRAVEL TIME A, TRAVEL TIE B, AND TRAVEL TIME C.

To assemble this program using the IBM PC/AT system:

First execute the Z80VM ccumand to enter the CP/M SHE1L

;1) Type M18 =PNAVLGR.MAC
;2) After the system prompt type L18.
;3) After the LINK prompt type /P:0000
;4) Next type PNAVLGR,PNAVLGR/ IX/E
;5) Answer the MOVE question with N
;6) At the system prompt re-enter DOS by typing E
;7) Use a word processor to divide PNAVLGR.HEX. The

two new files will be named PItMI.HE and PRCM2.HEX.
The PR1 file ontains addresses 0 thru 817 and the

; PRCK2 file contains addresses 7FC thru FFF.
;8) Next type MOVEHEX.
;9) At the system prompt type UDLINT.
;10) To burn the first PROM type FROMI and to burn the

second PRM type PRCM2.
;11) Return to the system by typing BYE

C INCUJDE IINIT.MAC
C
C ; *IDNIT.MAC*

C
C
C
C ;+ THIS SEGMEN1T OF CODE WILL EhTIA=Z ALL REGISTERS +
C
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IfNERROATNOR CCOTfROL/DATA LOGGER (PNAVLGR.MAC) MACRO-18 3.36 PAGE 1-1
WOODS HOLE OCEANOGRAPHIC INST. OCEAN DIGNFING

C
1000 C RAM BZJ 1000H ;DEFINE START OF RAM
F000 C SIZE EJ OFOOH ;DEFINE A1E= OF RAM
FF00 C GLCBAL BJ RAM+SITE-0100H ;DEFINE GLOBAL PAGE
FFFF C STACK EQJ RAM+SIZE-01H ;STACK BECINS H E

C
00oo' C CSEG ;CODE RELATIVE-ADDRESS

C ORG 0000H ;START AT 0000
C

0000' 71 C INIT: DIS ;DISABLE INTRtUPTS
0001' 00 C Q OOH ;SEr X AND P TO 0
0002' F8 00 C LDI OH ;LOAD ZEOS
0004' A6 C PLO R6 ;INTO
0005' B6 C PHI R6 ;R6 (SCRT LINK)
0006' A8 C PLO R8 ;AND
0007' B8 C PHI R8 ;R8
0008' A9 C PIO R9 ;AND
0009' B9 C PHI R9 ;R9
000A' AB C PlO RB ;AND
00OB' BB C PHI RB ;RB
00C' AC C PLO RC ;AND

OOOD' BC C PHI RC ;RC
OOOE' AD C PLO RD ;AND
00OF' BD C PHI RD ;RD
0010' AE C PLO RE ;AND
0011' BE C PHI RE ;RE
0012' AF C PLO RF ;AND
0013' BF C PHI RF ;RF
0014' F8 03' C LDI HIGH (ITPT);SET UP R1 TO BE
0016' B1 C PHI R1 ;THE IRrTRUPT POINTM
0017' F8 62' C LDI L3W (INTzRPT)
0019' Al C PLO R1
O01A' F8 FF C LDI HIGH (STACK) ;SET UP R2 T BE

001C' 82 C PHI R2 ;THE STACK POIM
O01D' F8 FF C LDI [cw (STACK)
001F' A2 C PLO R2
0020' F8 03' C LDI HIGH (CLMIC);SET UP R3 TO BE TE
0022' B3 C PHI R3 ;PROGRAM REGISTER
0023' F8 A4' C LDI [CM (CLJTIC)
0025' A3 C PIL R3
0026' Y8 00' C LDI HIGH (OLL) ;SET UP R4 FOR THE
0028' B4 C PHI R4 ;CAIL ROUINE POINTR
0029' FS 3A' C LDI LOW (CALL)
002B' A4 C PLO R4
002C' F8 00' C LDI HIGH (RETRN);SET UP R5 TO BE
002E' 85 C PHI R5 ;THE REMUR PODI=T
002F' F8 4B' C LDI [CM (REMURN)
0031' A5 C PLO R5
0032' F8 FF C LDI HIGH (GLOBAL);SEr UP R7 TO BE
0034' B7 C PHI R7 ;THE GLOBAL POINRT
0035' F8 00 C LDI LOW (MiJBAL)
0037' A7 C PLO R7

C
C ;At this point, all registers are preset, so execution
C ;begins in register R3.
C 4
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T1TERR=7OR COfrRWDATA LOOM (PNA VLS.MAC) MAaO-18 3.36 PAGE 1-2
WOODS HOLE OCEANOMAPHIC INST. OCEAN ENGINEERIG

0038 D3 C SEP R3
C

C INCLUDE SHACS.MAC
C
C * SMACS.MAC *

C
C
C

C;+ ALL MACOS CALE BY SAfl.1A ARE 1=T~ HERE +
C

C ;This MACRO excutes the CALL routine

C

C CALL MAO SUB ;BEIN MACRO CALL
C .SAL ;NO LISTING
C SEP R4 ;CA1UR
C Dw S.UB ; SUBR0UTr=

C D ;ND MACRO CA,M
C
C ;This MACRO executes the RETI routine.

C

C RU MACRO ;BEGIN MACRO
C .SALL ;NO LISTING
C SE R5 ;RNR S
C am ;END MACRO RETURN

C

C ;This MACR looks for UART status errors.

C

C EROR? MACRO ;BEGIN KM ERRD
C .SAIL ;NO LISTING
C NI RC ;RPOOAS RS S WORD
C L ERVEC ;BRANCH ON ERR FGC

C

C ;Here is a MACRO whiich when called will se ntially
C ;iut characters and ct wre ith th a charact erC ;strw stared 3n Permanet mry.Uwoesu
C, ;comparisons will cause thae MACRO to exit with a
C ;rn zero result r in the A(.
C
C CORD? A WRD ;BEGIN MACRO WORD
C .SALL ;NO LISTING
C CALL INQIAR ;C=L, spjB I
C DW WRD ;PSS WORD
c EPJ ? ;RET TO FLAGS
1C GL.O RC ;GElT OOMPARE RESULT
C E t ;END OF MACRO WORD?

C ;Sere is a MAR whch when called vil3. iqxt an
C ;ASCII character then exit with that character
C ;remaining in the ACCMLTIOR.
C ;
C CHIAR? MACRO ;BEG IN MACRO CHAR?
c -SALL ;NO LISTING
c CALL INCHAR ;CALL SURUTN INH

43



INEIRROGAIOR 0OflJL/DATA 1DGM (PNAVLt3R.MAC) MACRO-18 3.36 PAGE 1-3
WOODS HILE OCE02AMC INST. OCEAN 1EN R]NG

C EPIMR? ;REACT TO FLAGS
C G.O RC ;REOVR CHi1AACT
C ND1M ;ED MACRO DA?
C
C ;Here is a MACRO wbich will call SALTTY, pass the
C ;message address, and react to errors upon. exiting.
C
C TYPMSG MACRO MSG ;BEIN MAO TYPMSG
C .SAUL ; NO LISTING
C CALL SALTIY ;CAIL SUBROUMI' SALTTY
C DW MSG ;PASS MESSAGE
C ERRR? ;REACT TO FIAGS
C ;END MACRO TYPMSG
C
C ;This NkiO reovers the SYST FLAG. This flag is
C ;stored in RAM oe location higher than the character
C ;flag. Bit 0 indicates whether or not the system is
C ;ILCKE, and bit 7 is used by the CRC routine.
C ;The remaining bits may be user defined.
C
C GPrW Mk= ;BEGIN MACRO GLTh
C .SALL ;NO LISTIM
C LDI 01H ;POINT TO FLAG
C P.O R7
C ILN R7 ;GEr FLAG
C ECK ;END MACRO GMF
C

C INCUJDE SCRT.NAC
CC ; **** ****
C ; *SCRT.MAC*
C
C
C
C ;+TnEE AIE THE RCA Sl7.,DARD CALL AND ROMR RUrlrE.+
C
C
C
C ;KSIS TSE CAU6 1CUTINE, IT iLlS IN R4
C

0039' D3 C EXM': SP R3 ;R3 IS POW= TI Tl HE YIRSr
C ;INlRWCIC INTHESUBRC(J=

003AO C CALL:: ;TIUS IS A "PUBLIC R UfE
003A' E2 C SEX R2 ;F3 O 7OEI T TEI
003B' 96 C G R6 ;PUSH R6 N TO THE STA
003C' 73 C STXD ;AND PREPARE IT 70 POINT 10
003D' 86 C QO R6 ;ARQDIUITS. TM ECREl MT
003E' 73 C STXD ;TO A FR ICATICZ
003F' 93 C (RI R3 ;COPY R3 TO R6
0040' B6 C PHI R6
0041' 83 C QDO R3
0042' A6 C PI R6
0043' 46 C LIA R6 ;GET THE SUBROUTINE AD S
0044' B3 C PHI R3 ;AND PASS rr TO R3
0045' 46 C LEA R6
0046' A3 C P.O R3
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WOODS HOIE OCEANOGRAPHIC INST. OCEAN J RINFM!fG

0047' CO 0039' C [ER RUNC THE RSBgIT IN IN R3
C ;

C ;THIS IS THE Rm RouIrI, T RmS IN R5
C

304A' !) C EXTR: SP R3 ;RmR To MAIN PRIGRAM

004B' C RErJRN: : ;THIS IS A 'TUBIC ROUrl '

004B' 96 C GHI R6 ;COPY R6 I= R3

004C' B3 C PHI R3 ;R3 tnS THE Un

dOMD' 86 C GQL R6 ;ADRESS
004E' A3 c PLO R3
004F' E2 C SE R2 PIW TO TB SW

0050' 12 C INC R2 ;GET (LD VALE CV R6

0051' 72 C m ;AND RE IT O R6

0052' A6 C PLO R6
0053 F C U3X
0054' B6 C PHI R6

0055' CO 004A' C [ER R ;RIM MM PROGRAM
C ;

C IILJME AOtf.XAC

C * .MAC*

c ;
C
c ;
C * ASCII TO BEDECJ 0 RTER *
C ;

c (RC)
c
c ;This sub-routine ooaverts the ASCII character in the
c ;oJw half of Rc to a HEX digit, shifts this hex digit
C ;fo=r (4) places to the left and retrns with it in
C ;the low half of RC.
C ;

0058' 8C C A7t:: GQL RC ;orT 7HE ASCII (HR.

0059' FF 30 C sI "On ;TOO SMALL ?
005B' ( 008' C IF AERRCR ;IF SO T ERROR
005E' BC C PHI Be ;SAVE RESILT
005F' 8C C QXO RC ;RESTE
0060' FF 47 C SKI "(" ;= LAR ?

0062' C3 0081' C L8F AERRR ;IF SO GIE

0065' 9C C RI RC ;(HARMOM ASCII BIAS

0066' FFOA C sKI 0 ;IS IT0THOM 9 ?
0068' ( 0077' C LW HDCW ;IF SO CCNVERI IS D1E

006B' 9C C GRI RC ;m

006C' FF 11 C SKI 11H ;IS IT ASCII ?

006E' ( 0081' C h F ;IF W GO ER

0071' 9C c ;RIB'B2lE

0072' FF 07 C SKI 07H ;RDPE ALHA BIAS

0074' CO 0078' C LR SWT ;GM SHIFT
0077' 9C C HDME: GI RC ;REST=

0078' FE C SHIFT: SHL ;SHIF LEFT 4 TIM

0079' FE C SHL
007A' FE C SHL
007B' FE c SHL

007C' AC C PIL RC ;HEX DIGr TO RC LOW
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007D' F8 00 C l0I OOH ;CLEAR ERROR FLAGS

o07F' BC C PHI RC ;AND NN-HEX FLAG

C REFJRN ;BACK TO MAI

0080' D5 C+
0081 Fb u C AERO: lDI C1H ; M i-tia FAG

0083' BC C PHI RC
C REMM ;BACK 10 MAIN

0084' D5 C+
C

C WI.5JDE ffDY.lAC
CC 

HTOA MAC

C
C
C
C + HXAMWM9 M' ASCI ONVER +
C
C )
C
C ;Tbis sub-routine coaverts the HEX digit in the
C ;low half of RC to an ASCII character, and returns
C ;with this character in the high half of RC.

C
0085' 8C C HElA:: (GO RC ;Q7 THE HEX DIGIT
0086' FA OF C An OFE ;MASK HIGH BYTE

0088' FC 30 C ADI 30H ;ADD ASC3I BIAS
O08A' BC C PHI RC ;SAVE RESULT
008B' FF 3A C SKI BE ;IS IT MERIC ?

008D' c 0094' C 1l ADCZE ;IF SO CCKVW IS DONE

0090' 9C C wI RC ;01HERVIZ,
0091' FC 07 C ADI 07H ;AD PHA BIAS

0093' BC C PHI RC ;SAVE REJT
0094' C ADCH: RFIRN ;RErURN MO10AIN
0094' D5 C+

C ;

C INCLUE DT.MAC
C
C ; TIOA.MGC*

C
C
C
C ;+ AMASCIIBIAS AND 1ME+
C I
C

C ; (RC)
C ;This subroutine will add 30 hex to the byte

C ;pointed at by R7, store the result using RA

C ;as a pointer, then incremnt the pointers.

C ;This operation will be repeated n times as

C ;specified by the in-line byte foUoing the
C call instruction.
C

0095' 46 C DTOA: LDA R6 ;GET REPET VALUE

0096' AC C PIn RC ;SET CUNTE!

0097' 47 C ADBIAS: LDA R7 ;GET DIGIT
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iooDs HOmE oCEAm C INST. OCEAN DGNERG

0098' FC 30 C ADI 30H- ;ADD ASCII DEC. BIAS
009A' 5A C STR RA ;STORE RESULT
009B' 1A C INC RA ;ADVANCE POINTE
009C' 2C C DEC RC ;00UT OcFRA TICt
009D' AC C GLO RC TEST CUTER
009E' CA 0097' C UM ADBIAS ;EXI IF DONE

C RETURN ;OTHWISE CCNTINUE
OOA1' D5 C+

C

C INCLD EAY.MAC
C
C * AY.MAC*

C
C (RC)
CC ; + YPJ ( ~l~I

C ;
C
C ;Ms subraitine will delay progrm emaitica by an amnmt
C ;of time equivalent to (12M +168)/Fc where Fe is the system
c ;cxock frevency and N is a two byte value specified by the
C ;bytes following the call instruction. SCRT is expected.
C

00A2' 46 C DELAY: LDA R6 ;LAD DELAY C1NrANF
00A3' BC C PHI RC ;USE RC AS A DW N (12ER
00A4' 46 C LDA R6
00A5' AC C PLO R
00A6' 9C C TS'THIC: GHI R ;OINUE T1'I RC
00A7' CA 00B2' C WM WST5 ;WN EM 7TOLIE
00A' 8C C QO RC ;SPEM TD E HAS
OOAB' C2 00B6' C 1BZ EXY ;NAPSE, OTHESOSE
OOAE' 2C C DEW: CEC RC ;MC 00 M AND TEST FR
0OAF' CO 0OA6' C UIR TSTHIC ;NON -D VALUE
0092' 8C C WSTS: O RC ;E3TJA OUNTER IMPS
00B3' CO OOAE' C ;AM OO1TIME
00B6' C EXY: RE1U ;RETURN M MIN M CR = 0000
00B6' D5 C+

C
C

C INCLUDE RSB2A.MAC
C
C *RSB2A.MAC*
C
C
C
C ;+ RIT SM n BITS FM RB M RA +
C
C (RA, RB, RC)
C
C ;This subroutine will right shift a single bit
C ;from register B to register A. This operatin
C ;will be repeated a mnuber of times as specified
C ;by the byte following the call instructicn.
C
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WOODS HOLE OCEANWM MIC INST. OCEAN ENGIMEERN

00B7' 46 C RSB2A: LDA R6 ;GET REPEAT VAUJ
OOB8' AC C PIO RC ;USE RC AS A COUNTE
00B9' 9B C SHRB: GHI RB ;RIG(T SHIFT A BIT
OOBA' F6 C SHR ;FIM RB TO RA
uO B bi c P~i R5
08C' 8 C GCl RB

00BD' 76 C RSHR
OOBE' AB C PLO RB
OOBF' 9A C GBI RA
00c0' 76 C RSHR
00C1' BA C PHI RA
00C2' 8A C GO RA
00C3' 76 C RSHR
00C4' AA C PLO RA
00C5' 2C C IC RC ;DERIEMEN CXUR
00C6' 8C C GI RC ;TEST R ZRO AND
00C7' CA 0069' C ILB SHR ;IF F=

C REMR ;RE V 7NUI
OOCA' D5 C+

C

C
C SALTY . A
C
C
C

C + *VE MSAGI N.M A F CAL

c ;
C ;
C (RC)
C
C ;This subroutine will type the message indicated
C ;by the call. The loop ill be otinuafly mmitcred,
c ;Ay eror cniti will cause this routine to
C ;exit. The status vord and the last d -aracter typed
C ;ill be available in RC upn exiting this routine.
C
C SALTIY:: ;A PUEaIC BlIE

00CB' E7 C SE R7 ;USE R7 AS E PODIR
000C' F8 04 C LDI IiW (SCRA -1) ;POINT MV A SCRAM
O0CE' A7 C PLO R7 ;IOCATI=tI IN RAX
00(7' BA C GO RA ;SAVE AR

00D0' 73 C STMD ;POINTER
001' 9A C (HI RA
OO02' 73 C SD
O03' 46 C WA R6 ;GET HIGHE( CF

0004' BA c PHI RA ;MESSAGE A~MESS
00D5' 46 C Wk R6 ;GET IEW HALF G
0006' AA. C PL RA ;MESAGE ARESS

C ;

C ;Eater the subroutine here if the address of the data
C ;to type is already in register RA.
C

0007' E7 C rrYPE:: SEX R7 ;USE R7 AS THE POITER
008D' F8 00 C LDI 00H ;POIN TO A SCRAT
OODA' A7 C PLO R7 ;JOCATIN IN RAM
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00DB' 6E C 11W DATA ;CLEAR UART DA BIT
OODC' E C THRE?.: SEX R7 ;RESET POIDTE 70 R7
00DD' 6F C 11W STATUS ;GET URT STATUS
OODE' FA 10 C ANI 10H ;IS THEa L P I ?
0OE0' C2 00E9' C LBZ TSTH ;IF NOT TEST FO THRE
OOE3' F8 80 C LDI 80f ;OTIIERWISE,
00ES' BC C PHI RC ;SET FLAG
00E6' CO 010B' C LBR TXIT ;AND RETURN
00E9' 6F C TST=: IN4 STATUS ;GET IM.R STATUS
W0EA' FE C SHL ;IS THE THRE ?
O0EB' CB OOC' C Law TMV. ;IF NOT, K TRYING
oo0E' OA C LM RA ;GET NFT Q ACTER
00F' FB 7E C XRI STOP ;ESSAGE OVE ?
OOF1' C201OB' C LBZ 1XIT ;IF SOE=
0OF4' EA C SEX RA ;O'1IRVISE, TYPE THE
00F' 66 C our DATA ;(MAR

C CAIL fNUTR ;MN2Tt THE I.O FOR
00F6' D4 C+
00F7' 0145' C+
00F' 9C C GHI 1C ;ANY, ROS ?
00FA' CA 010B' C IBM ZIT ;IF SO, E(IT
00FD' 2A C DE RA ;WAS TE LAST CHAR.
O0E' EA C SEX RA ;TYPD THE SAME AS
OOFT' 8C C GL RC ;THE CRACIE JUST
0100' F3 C ; ?

0101' CA 0108' C L BADCIHR ;IF SO,
•0104' 1A C DC RA ;RPF OSTIC? POINT
0105' CO 00DC' C LBR 1190? ;AND CORIE
0108' F8 02 C BADCGR: LI 02H ;MIffIB, SET FLAG
010A' BC C PSI RC
010f' F8 03 C T LT: DI T.W (SGEACE-2) ;RESTORE OLD ADDRESS
010D' A7 C PLO R7 ;POINTM
010E' 47 C IA R7
OOF' BA C PHI RA
0110' 47 C IDA R7
0111' AA C PLO RA

C REM ;AND RETURN
0112' D5 C+

C

C INCLDE ASWK.MAC

C ;*ASKOK.MAC*
CC
C

C ; + ASK FOR FINAL PERMISSION TO CARRY OUT A C(IMAND +
C
C
C ;Type OK ? (Y/N) and input a response. Set RC.0 to 00
C ;upon detecting a "Y". Exit upon detecting any error
C ;with the UPRT status word remaining in RC.1.
C

0113' C ASKOK: CAL SALTrY ;ASK OK ?
0113' D4 C+
0114' OOCB' C+
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0116' 0423' C DW OK?.
0118' 9C C GHI RC ;LOOK FOR LAR ERORS
0119' CA 012A' C LSNZ EXASK ;EXIT IF FOW

C CALL INOJAR ;GEr RESPCNSE
1C' D4 C+

O11D' 0145' C+
OIIF' 9C C GHI RC ;IJX FOR UT ERRORS
0120' CA 012A' C IMZ E=0SK ;EXIT IF MWUD
0123' 8C C (D RC ;VAS THE RES1ISE A "' ?
0124' FB 59 C XRI .To ;IF Nr E(IT
0126' CA O12A' C LM EMASK ;O1EWISE, Sr RC.0
0129' AC C PD RC ;TO 00 AND EXIT
012A' C EXASK: REI ;TO SAl
O12A' D5 C+

C INC= E Q1*AR.HAC
CC ; * OtMPAR.W C *
C
C
C

C ;+ CCOMPRE RIE j TRN iITI SMM, V1'R3 +
C
C (RA + RC)
C
C ;This subroutine will sentially input characters
C ;and omare them with a daracter string stared in
C ;permanent memory. Usuccessful omparisons will
C ;cause the subrotine to ext leaving a am-zero
C ;reslt in the Iow balf of register C
C

012B' 46 C C0MPAR: WA R6 ;GET AMESS OF
012C' BA C PHI RA ; ID1 TO rPTAE012D' 46 C LDA R6 ;USE RA AS
012E AA C PLO RA ;RC '1W PoTm0"f C CTST: CALL INCUR ;OrF A OIAUCIER
012F' D4 C+
0130' 0145' C+
0132' 9C C BI RC ;LOO FOR FLAGS
0133' CA 0144' C Iaw M ;IF UM ECT
0136' 8C C QO RC ;SRWISE, OMPARE0137' E C SEX RA ;WrMI S'TR CHRACER
0138' F3 C MR ;ARE TE THE SAME ?
0139' CA 0143' C I.M DIF ;IF N EM
013C' 1A C IK RA ;1S TAT TMI LASTO13D F8 7E C LDI STc ;aCHRAC TO BE
013F' F3 C R ;CMRED ?
0140' CA 012?' C LIM CTST ;IF NO OR1T
0143' AC C DIFFER: PID RC ;E= SET OPARE
0144' C CHXIT: RETURN ;FLAG AND REIRN
0144' D5 C-

C

C INUDE INCAR.AC
C
C * INCM c *
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C
C
C
C ;+fI71' GM~k AN4D UART STATrUS FUG TO REGISTER~ C +
C
C (RC)

C
C ;This subroutine will monitor the URT until
C ;either the LOOP is open or data is available.
C ;If data is available, the character will be
C ;input and placed in the low half of RC. The
C ;high half of rC will xoutain the status flag.
C

0145' C INQ1MR:: ;A PUBLIC ROWTINE

0145' F8 00 C LDI 00 ;PO1 TO A SCRATCH

0147' A7 C PlO R7 ;U)CATICK

0148' BC C PHI RC ;RSET STATU HAGS

0149' E7 C SE R7 ;X POITS 70 SCRATCH

014A' 6F C NDA: Iw STATUS ;GET UART STATUS

014B' FA 10 C ANI -10 ;IS TE LOOP CLOSED ?

014D' C2 0154' C LBZ TSDA ;IF TEST FM DA

0150' F8 80 C LDI 80H ;01UIM SE,
0152' BC C PHI RC ;SET ERROR UG

C RETURN ;AND RETURN

0153' D5 C+
0154' 07 C TSTDA: LU4 R7 ;RESTORE STAMUS

0155' F6 C. SHER ;IS DATA AVAILABLE ?

0156' CB 014A' C LBW NDA ;IF NOYT, TRY AGAIN

0159' FA 05 C Jun 05H ;C rHERWISE,IOK FR

015B' C2 0162' C zaz DATAIN ;FO

OSE' F8 20 C LDI 20H F FCUN SET

0160' BC C PH RC ;AND
C REMJR ;EXIT. OTEWISE,

0161' D5 C+
0162' 6E C DATAIN: RIP DATA ;GET THE CHWACTE
0163' AC C PLO RC ;AD PLACE IN RC Y
0164' FB 23 C XRI "i" ;IS IT A "t"
0166' CA 016C' C LM DADOtE ;IF NOT REM
0169' F8 40 C LDI 40H ;OTHEISE SET
016B' BC C PHI RC ;FLAG THEN
016C' C DADlE: REM ;RTIN TO MAIN
016C' D5 C+

C

C INLDE GLEX.MAC
C
C ; * G1HEX.1AC *

; * * ** *** ****** *
C
C
C
C ; + LOAD RB WITH A FOUR DIGIT HE NUMBR +
C
C (RB + RC)
C
C ;This subroutine will load RB with a four digit hex
C ;number. Only the last four hex digits typed are
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C ;entered. Nan hex entries will cause this routine
C ;to exit.

c
016D' C GETH:: ;THIS WL BE A PUBLIC
0161)' F8 00 C LDI OOH CLER REGISTER B
016F' AB C Pin RB
0170' BB C PHI RB
0171' C GMUM: CALL INOHR ;GET A CHAPACTMI
0171' D4 C+
0172' 0145' C+
0174' 9C C GHI RC ;TEST LART R FERRRS
0175' CA 0195' C 1RZ XGETH ;IF FMMRD EXIT

C CALL AOH ;OtIVER ASCII 0 HEX
0178' D4 C+
0179' 0058' C+
017B' 9C C GHI RC ;L= FOR N-HEX ENTRY
017C' CA 0195' C IRB XH ;IF MMD EXIT, E
017F' SC C G0 RC ;TRANSMF HEX DIGIT
0180' BC C PHI RC ;M HIG HA OF RC
0181' F8 04 C LDI 04 ;PREPARE TO SIFT
0183' AC C Pin RC ;HEX C lRAMRTO RB
0184' 9C C SHIFlE: GHI RC ;BEMl SHIFT
0185' FE C SHL
0186' BC C PI RC
0187' 8B C GD RB
0188' 7E C RSL
0189' AB C PIl RB
018A' 9B C GHI RB
018B' 7E C RSBL
018C' BB C PHI RB
018D' 2C C IEC RC ;IS TIS TE RTH
018E' 8C C Q. RC ;SBIFT ?
018' CA 0184' C I= SHIV'1 ;IF NOT SHIFTAGt
0192' CO 0171' C LBR Gem'R ;EUSE GT NEM DIGIT
0195' C XGEa: REIU ;E(1T
0195' D5 C+

C

C *E IM.MAC*
C
c ;C
C
C + MiT AND SM t EMAlJ WJWB +
C
C (R9,RA,RB,RC,RD)
C
C ;This subroutine will input and store n decimal digits
C ;beginning at the address specified by the two bytes
C ;following the call instruction. The number of bytes
C ;to store is specified by the single byte following
C ;the call. Only the last n digits typed will be stored.
C ;Errors and non-decima entries cause an exDt which
C ;leaves the status ward in RC.1 and the last digit
C ;type in RC.0. NOTE: n may not be greater than 4.
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C
0196' 46 C INDSI: LDA R6 ;GET STOlRE ADRES

0197' BD C PHI RD ;AND PIACE IN RD

0198' 46 C WDA R6
r'199' AD C PLO RD

019A' F8 00 C WDI 00H ;ZERO REGISTER~ B,

019C' AB c PLO RB
019D' 3B C PHI RB

019E' C GflEE: CMlL INCHAR ;GET A CHARACER
019E' D4 C
019V' 0145' C4-
OlAl' 9C C (RI RC ;TEST FK)R ERR=S

01A2' CA 01C9' C I=z XRDFE EXIT IF EM IS FCUM
C CAL A7W ;CCNVFrTO Him

01A5' D)4C
01A6' 0058' C
OUAS' 9C C u RC;TIHrHE

01A9' CA 01C9' C [Wm XE
OlAC' 8C c GI2 RC ;TEST tEM DOlIAL

01WD' FT AOI C smi Offi ;AND SETr ERROR FLAG

OlAF' C3 OlCE' C LBDF ThNE ;IF W31' DEMAL

01EV' FS804 C WDI 04 ;GIEW= ISIMG R9

01B4' A9 C PLO R9 ;AS A 03MMl, SHIFT

01115' 8C C SHFTC: GLO RC ;TDIIT ABIT AT

01B16 FE C SEL ;TIME 70 RB.

01B17' AC C PLO RC
01.11' 8B C GLO RB
0I.B9' 7E C RSIIL
OlBA' ABE C PLO RB

01.B' 9B C GOl R8
01.BC' 7E C R~lj
0oimr B8 C PHI RB,

01DQE' 29 CDE R9

01B:' 59 C GID R9 ;IWT FC FUFI'H SHIF

010D' CA 01115' C UR SHTC ;maT AGMD IF NVI' DME

010' CO 019E' C LBR GEE ;OIHRIS, GET NW DIGIT

C
OlC6' F8S 01 C ThE: WDI 01H INhDIC=A WlOWIAL

01CS' BC c PHI Rc ;AND R W SAMl

01C9' 22 C DFX: R2 ;SAVE 'T'HE WED=~T

OlCA' 8C C GL) RC ;CF REG= FC

OlCB' 73 C SmX
01CC' 9C C GHI RC

O1C)' 73 C STXD

0lCE' 46 C WDA R6 ;GE NMBR OFDIGIT'S

O1CF' A9 C Pin RB ;70)S'TORE

011)0' C STRDEC: CALL RSB2A. ;SHIFT A DIGIT TO RA

011)0' 14 C+
0111' 0017' C
011)3' 04 C DB 04H1

011)4' 9A C GHI RA ;SHFTM ISB

011)' Fro C SHR

01D6' F6 C SER
01D)7' F6 C StIR

01D)8' F6 C StIR

0019' 5D C STR RD ;STORE DBEhAL DIGIT
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01DA' 2D C DEC RD ;ADJUST POINI'R
01DB' 29 C DE R9
OIDC' 89 C GID R9 ;STIRED N )IGITS ?
01M' CA 01DO' C LBrZ SrRD ;IF SO RES'MTE RC
01M' 12 C INC R2
OE1' 42 C LDA R2
01E2' BC C PHI Rc
01EY 42 C LDA R2
01E4' AC C PWO RC

REMMRN ;REIflW TO SAIL;
01E5' D5 +

C * H .Mc

C ;
C ;
C ; + PFOMS FOR AND IMADS RB W1rM A HEX MMJER +
C ;

c (Rc)
c ;This subrouti will pr the qperator for
C ;a hex number using the prop message addressed
c ;by the in-line code after the call instructiom.
c ;Only the last four hex digits typed are entered.
C ;A errors and io-hex entries cause this routine
C ;to exit with a rim-zero value remning in RC.1
C ;

016' C PEIN:: ;A PUBLIC OUTINE
01M' E7 c SE R7 ;USin R7 AS A POIRM
ME7' F8 09 c uI I0w (ScR+4) ;SAVE TE OITNTS O
01WE' A7 C PLO R7 ;RB M RA
01E1' 8A C GLO RA ;FIRST ME I.M
O1EB' 73 c S'
oi0 ' 9A c GBI RA
0IlM' 73 C SXD MTi THE HIGH MAlU
01=' 46 C IM R6 ;GET HIGH MU or
o1if BA c PHI RA ;MM= ATRESS
01FO 46 c LDA R6 ; ' IIW MUcE r
01F1' AA C PlO RA ;BESSAM ADDESS

c CALL ITYPE ;TYPE 7M IM AE
01F2' D4 C+
013' 00D7' C+
0115' 9C C RC ;MOK EM UM RR
01F' CA 0211' C LBNZ ;EXrT IF FaMD

c CALL GET= ;GQr THE HEX NMllM
01F9' N4 C+
01A' 016D' C+
O1t' 9c C Gar RC ALT THE STATUM S WCD
011D' FA FE C ANI OFEH ;MASK N -M FLAG
01FF' CA 0211' C LWBZ m XN ;rT ONC U ERRS
0202' 8C C G RC ;WAS E NON-B=X NRY
0203' F 20 C XRI SPACE ;A SPACE ?
0205' C2 0219' C LBZ CLRC.O ;IF SO RIM MR FLAG
0208' 8C C QM RC ;WAS THE NRt-B RIMY
0209' FB OD C XRI CR ;A CARIAGE REM ?
020B' C2 0219' C Lz CLRCLO ;IF SO RE=T EM FIAG

54



D TOE GA7M aTROL]DATA LOG (PNAVLR.MAC) HACRO-18 3.36 PAGE 1-14
WOODS HOLE OCEA .M'HIC INST. OCEAN EGDIEERLI

020E' F8 10 C LDI 10H ;OTHERWISE INDICATE
0210' BC C PHI RC ;A NON-H FIfY MAM
0211' 8 08 C EMPMXN: LDI Low (SCRACHf3) ;PREPARE TO RSTOE RA
0213' A7 C PLO R7
0214' 47 C WA R7 ;GET OL) RA HI
0215' BA C PHI RA ;PUTrIT BA(
0216' 47 C W/A R7 ;GET OLD RA LO
0217' AA C PL) RA ;PUT IT BACK

C RETURN ;GO BACK TO SAIL
0218' D5 C+

C
0219' 8 00 C CIRWl: LDI 00 ;CLEAR ERRO FLAW
021B' BC C PHI RC
021C' CO 0211' C LBR EUXN ;RETRN TO SAIL

C

C IME TYMP.AC
C
C ; * TYPe.C *

C
C
C
C ;+ M THE O OF RC T ASI AND TYPE +
C
C (RC)
C
C ;This subroutine coverts the hex ctets of
C ;the low half of RC to two ASCII caracters, stores
C ;the characters at "ASCII", and type them via SALTIM.
C

021F' C TYPE:: CAlL flA ;XONVF LOW BYTE
021' D4 C+
0220' 0085' C+
0222' 8 07 C LDI LOW (SCRAGS42) ;PREARE MO STOE
0224' A7 C PIO R7 ;REST O(XCOVRT
0225' E7 C SE R7
0226' 8 7E C WDI STOP ;STORE TI STCP
0228' 73 C STXD
0229' 9C C GKI RC ;G T REM OF
022A' 73 C STXD ;AND STlRE IT
022B' 8C C Q.O RC ;GET REDY TO 0ONVERT
022C' F6 C SHR ;LOW BYTE
022D' F C SHR
022E' F6 C SR
022F' F6 C SHR
0230' AC C PLO RC

C CALL H'IA ;OVERT HIGH ORDER
0231' D4 C+
0232' 0085' C+
0234' 9C C GMl RC .;BYTE, GET RESULT
0235' 57 C SIR R7 ;AND STORE IT

C CALL SALTTY ;TYPE TIM
0236' D4 C+
0237' 00C' C+
0239' FF05 C DW SCRACH

C RETURN
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023B' D5 C+
C

C fl#ZUIIE A Z A .A C
C
C * G .M *

C
C
C
C ; + r TW R DIGIT HEUX NU +
C
C (RA + RB + RC)
IC
C ;This subroutine obtains two fox digit hex mnbers.
C ;The first mnber is Ilaced in RA, the seco in RB.
C

023C' C GEM'2X:: ;TIS ISA P IC
C CML PH= ;PROMPT iR FIRST

023C' D4 C+
023D' 01 ' +
023F' 03W' C DW ( ;N
0241' 9C C G I RC ;S FOR URTE S
0242' CA 0252' C Bm ;ECT IF ER FOUND
0245' 9B C GHI RB ;PLCE FIRST NUMBER
0246' BA C PHI RA ;IN FSZ= RA
0247' 8B C GQD RB
0248' AA C PlD RA

C CAML PHIXN ;PROPT F SEDOW
0249' D4 C+
024' 01E6' C+
024C' 03' C iW OV'ER ;ISR
024E' 9C C GHr RC ;LOOK FOR U FRS
024F' CA 0252' C WZ ;ECT IF ERROR
0252' C XZREX: RER ;EX
0252' D5 C+

C

C I a= CMtC.MAC
C
C ; * . *
C
C
C
C ;+ CAL M A EW CRC VAIE +
C
C
C ;This subroutine will calculate a new value CRC each
C ;time it is called. The old value will be over
C ;written, the address pointer ( RA) will be
C ;incremented, and the block comter (RB ) will
C ;be decremented
C

0253' F8 OB C CAliC: LDI LOW (CRCHI) ;POINT TO CRC HI
0255' AC C PLO RC ;USE RC AS ISE POINIE
0256' F8 FF C LDI HIGH (CRCHI)
0258' BC C PI RC
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0259' F8 00 C LDI 00 ;POINT MT A SCRATQi
025B' A7 C PLO R7 ;LOCATICZ WITH GLBAL
025C' E C SEX RC ;POI1 TO CRC HI BYTE
025D' 4A C LDA RA ;GET MMY BYTE
025E' F3 C )R. ;XOR WITH MEMRY BYTE
025F' 57 C STR R7 ;SAVE RESULT
0260' F C SHR ;DIVIDE RESULT
0261' F6 C SHR ;BY 16
0262' F6 C SHR
0263' F6 C SHR
0264' E7 C SEX R7 ;POINT TO RFI JT
0265' F3 C XOR ;CF FIRST AND OR
0266' 57 C STR R7 ;WIH RES= CF DIVIDE
0267' FE C SHL ;MULTIPLY BY 16
0268' FE C SHL
0269' FE C SHL
026A' FE C SHL
02' 1C C INC RC ;PO ATRC ID WBYTE
026C' EC C SEX RC
026D' F3 C NOR ;ZR WM REST CF
026E' 2C C DEC C ;MULTIPLY, AND STORE
026F' 5C C STR RC ;RESLT AT CRC HI BY
0270' 07 C 1Im R7 ;GET RESULT OF SW0D
0271' F6 C SHR ;XOR, AND DIVIDE
0272' F6 C SHR ;IT BY 8
0273' F6 C SHR
0274' F3 C XR ;XR VIT CRC HI BYTE
0275' 5C C STR RC ;RESJLT IS EW CRC HI
0276' 07 C LEN R7 ;GET REULT CF SEMND
0277' FE C SHL ;XR AND
0278' FE C SHL ;MLTn 1T BY 32
0279' FE C SL
027A' FE C SHL
027B' FE C SHL
027C' E7 C SEX R7 ;NOR TI P T VIM
027D' F3 C .R ;TME PR1 OF THE
027E' 1C C INC RC ;FIRST JUJTIPLY
027F' 5C C STR RC ;RESLT IS NEQWC ID
0280' 17 C INC R7 ;POINT AT SYSTE( FLAG

C REIURNE(IT
0281' D5 C+

C

C INCLDE IMCLK.MAC
C
C * *CLK.AC

C
C
C
C ;+ INCRM1NTT CLOCX BY IE MOJM" +
C
C (RA + RC)
C
C ;This subroutine will increent the software
C ;clock by one minute. The year day will be
C ;reset to 001 one day after year day 365,
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C ;i.e., leap year not allowed ! A second clock
C ;which is always one minute ahead of the system
C ;clock will also be incremented. If the "GO' flag
C ;is set, the value at MM will be decrmnted.
C ;If the new value at MIN:W is equal tol, Qwillbe
C ;set indicating the start of a measurement sequence.
C
C ;Reserve seven locations in RAM to hold decimal
C ;time code data of the system clock.
C

FF10 C HD EVJ LOAtIIOH ;UN S OF DAYS
FF16 C UM BQJ UEBAL+16H ;UNITS CF MWINUI

C
C ;Reserve seven locations in RAM to hold decimal
C ;time code data of the system clock tize + 1 minute.
C

FF29 C SimD BLJ GL L+29H ;HIELDS OF DAYS
FF2F C S1UM U GMM02FH ;LUITS CF ImKiES (+1)

C
C ;Reserve two locations in RAM to hold the 'Y' flg.
C ;This flag when set will be = AAAAH. The low half of the
C ;"GY' flag is set in SCIXL.MAC. A successful cciparisc
C ;between the current time and the start time will set the
C ;high half.
C

FF43 C GOFE QU GLOBAL+43H ;GO FLG
C
C

0282' 7B C BICLK:: SE ;USE Q AS A LOOP R
0283' E7 C SEX R7 ;USE R7 AS A POINTE
0284' F8 16 C LDI UXJ (M ;POINT AT SYSTM TIME
0286' A7 C MCX: P10 R7 ;SIART HERE FOR SEOD PASS
0287' 07 C LI R7 ;GET tITS OF IE
0288' AA C P10 RA
0289' 1A C IMC RA ;AM 1 MJT
028A' 8A C GLO RA ;GET NEW MIN. OUNT
028B' FS OA C M OAH ;IS IT NOW 10 ?
028D' CA 034E' C UM STIL ;IF NO, STORE NEW MIN.

C
0290' 73 C STI ;STORE A 0 AT U.N.
0291' 07 C LLU R7 ;GET TiE OF MINUTES
0292' AA C PLO RA
0293' 1A C INC RA ;AM 1 T TE MN.IT.
0294' 8A C (10 RA ;GET NEW TE MIN. CRT.
0295' FB 06 C XRI 06H ;IS IT NOW MMITE60 ?
0297' CA 034E' C L8m STRNEW ;IF NOT STORE NEW T.M.C.

C
029A' 73 C STXD ;STORE 0 AT TM
029B' 07 C IN R7 ;GET UIfTS OF HOURS
029C' AA C PLO RA
029D' IA C INC RA ;ADD 1 O NITS OF HRS.
029E' 8A C GLO RA ;GET NEW U.H. CQIT
029F' FB OA C XRI OAH ;IS IT NOW 10 ?
02AV C2 034A' C LSZ INCTH ;IF SO INC. T.H.
02A4' 8A C GLO RA ;RESTORE NEW U.H. (C"T.
02A5' FB 04 C XRI 04H ;IS IT NOW 4 ?
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02A7' CA 034E' C LB STRNEW ;IF NOT STE NEW U.H.C.
C
C ;The units of hour counter is now 4. If the tens of hor
C ;outer is now 2, both these counters will be reset, and
C ;the units of days coxmter will be incremented.
C

02AA' 27 C DEC R7 ;POINT AT TENS (F HOURS
02AB' 47 C LDA R7 ;GET TES OF HOURS
02AC' FB 02 C XRI 02H ;IS IT NOW 2 ?
02AE' CA 034E' C LBM STINEW ;IF NOT STORE A 4 AT WH
02B1' 73 C STXD ; O TO UIITS OF HOURS
02B2' 73 C STD ;MwO T ES OF HOURS

C
C ;This loop will up date the days comter.
C

02BY F8 03 C LDI 03H ;SET WCP COUNTE
02B5' AC C PLo RC
02B6' 07 C UPDATE: 101 R7 ;GE A DAY DIGIT
02B7' AA C PI RA
02B8' IA C DC RA ;AM 1 DAY OW
02B9' 8A C GQO RA ;(ET NEW DAY M
02BA' FBOA C XRI OAH ;IS IT NOW 10 ?
02BC' CA 034E' C I=BZ STlRNEW ;IF NOT STORE NEW DAY MM
02BF' 73 C STXD ;ZEO THIS DIGIT
02C0' 2C C DEE RC ;IE. O OUNTER
02c1' 8C C GID RC ;IF THIS NER IS
02C2' CA 0286' C LBZ lPDATE ;ZERO EIT ME LOO

C
C ;If it is year day 366, resettodayO01
C

02C5' C9 0353' C LYPYR?: UL2 PSIMD ;POINT AT SIM S4ND PASS
02C8' F8 10 C DI ILM (HD) ;OIWISE POINT AT HD
02CA' A7 C LYPYRI: PI R7 ;POINT AT ENMM CF DAYS
02C(' 47 C IDA R7 ;IS IT DAY 3m ?
02CC' F 03 C XI 03H ;IF NUT RETlUR TO MAIN.
02C' CA 02E4' C LM TS'l ;IF IT WAS DAY 3,m,
0281' 47 C IDA R7 ;IS IT DAY 36n ?
0282' FB 06 C XRI 06 ;IF OT RETRN TO HMIN.
02D4' CA 02E4' C Lm TsTQ ;IF IT WAS DAY 36n,
0287' 07 C LEN R7 ;IS IT DAY 366 ?
02D8' F8 06 C XRI 06H ;IF NOT ROM 0 MINA
02DA' CA 02E4' C IRm TSTQ ;IF IT WAS DAY 366,
02M' 8 01 C DI 01H ;RESET DAYS M 001
021' 73 C STXD
02E0' F8 00 C LDI 00H
02E2' 73 C STXD
02E3' 57 C STR R7 ;AND RETURN MAIN

C
C ;If Q is set this is the first time throh the loop. Point
C ;at time plus 1 minute, oopy current time to this local, reset
C ;Q and go th gh the loop a secod time. If Q is ot set, test
C ;the condition of the "GO" flag.
C

02E4' C9 0300' C TS1: LMB TS' ;TEST Q AND IF SET
02E7' F8 10 C LDI Lew (HD) ;COPY Q]RRERT TDIE
02E9' A7 C PID R7 ;TO SIM
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02EA' F8 29 C WI IJY (SIMD)
02EC' AA C PID RA ;USE RA AS A POINT
02ED' 97 C GHI R7
02EE' BA C PHI RA
02EF' F8 07 C LDI 07H ;USE RC AS A LOPCOT
02F1' AC C PLO RC ;INITIALLY SET O 7
02F2' 47 C (CYT'IM: LWA R7 ;GET A DIGIT OF (RRENT
02F' 5A C STR RA ;TIUE AND STORE IT
02F4' IA C INC RA ;MDVE POINTE
02F5' 2C C EW RC ;TEST O RTER
02F6' 8C C Q.O RC ;AND IF ItE
02F7' CA 02F2' C 3 CPYTIK ;POINT
02FA' F8 2F C LDI L0W (S1lM ;AT TIME +1 MEITE
02EI' 7A C lM ;RESET LOCOMM
02FD' CO 0286' C Uar K2=K ;GO TU AGAIN

C
C ;Since Q was wt set this is the secod pass thrAgh
C ;the loop. Derement the measurement interval comter,
C ;if and only if the 'W' flag is equal to AAAH. If
C ;after decremeting the measurement interval womter
C ;its new value is 01, request a measurement by setting
C ;Q prior to exiting.
C

0300' F8 43 C TSTWF: LDI IW (GOFlG) ;POINT AT GO FLAG
0302' A7 C PLO R7
0303' 47 C WA R7 ;AND IF NOT SET EXT
0304' FBAA C XRI OMH
0306' CA 0328' C LM TSTIME ;IF SET, TEST R
0309' 07 C UNl R7 ;SART TIE
030A' FB A& C XRI OAAK
030C' Q 0328' C JR. TSTMIE
030' F 26 C WI LJW (M04 ;GET aLRRxr IMV
0311' A7 C PI R7 ;(X T AND D930M
0312' 47 C LA R7
0313' B C PHI RA
0314' 07 C 1IN R7
0315' AA C PIO R
0316' 2A C E RA
0317' 8A C GO RA ;SAVE NEW IhTERVAL
0318' 73 C STXD
0319' 9A C GHI RA
031A' 57 C STR R7
031B' CA 0358' C ME8Z TSTIMC ;ET IF NEW IRTEVAL IS
031E' 8A C QI RA ;NOT B L 1' l
031F' FB 01 C XRI 01H
0321' CA 0358' C IM TSTIC(
0324' 7B C SE1 ;OTHERWISE, SET Q FIRST
0325' CO 0358' C LBR TSTICK ;TBD4 E(IT

C
C ;Compare current time +1 minute with start time. If they
C ;are equal set the GO flag and request a branch to the
C ;measuremnt sequence by exiting with Q set.
C

0328' F8 30 C TSTIME: LDI LOW (DSHD) ;POINT AT START TIME
032A' AA C PLO RA ;USING RA AS THE
032B' 97 C GRI R7 ;POINTU
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032C' BA C PHI RA
032D' 8 29 C 1I IW (SIHD) ;POINT AT SYSTEM TIME
032F' A7 C PLO R7 ;PLO 1 MINUE
0330' E7 C SEX R7
0331' 8A C NTX"R: GLO RA ;COMPARE) ALL SEVEN ?
0332' FB 37 C XRI IW (DSHD+7)
0334' C2 0340' C LBZ SGOl. ;IF SO SET GO FLAG
0337' 4A C LDA RA ;OTHERWISE, GET NEr
0338' F3 C XOR ;AND OCHPAE
0339' CA 0358' C LBZ TSTICK ;BRANC MO TEST TICK
033C' 17 C INC R7 ;CN AKMI , OHOWISE
03311' CO 0331' C LBR N=XR ;aw E
0340' 8 44 C SGFLG: LDI JOW (GFLG+I)
0342' A7 C PLO R7 ;SET HIGH HLFJ OF GO F
0343' F8 AA C LDI 0AAH
0345' 57 C S'R R7
0346' 7B C sM2 ;REMT A 1SRF2ENT
0347' C 0358' C LBR TSTICK ;ErT

C
034A' 73 C UMTH: STXD ;ZERO T0 i' OF I0URS
034B' 07 C Uv R7 ;GET TEN BOF H S
034C' AA c Pin RA
034D' 1A 1C mC RA ;AI 170 TENS OF HOURS

C
034E' 8A C STRNW: Q.0 RA ;GET NE COWII
034F' 57 C STR R7 ;STORE'IT
0350' CO 02C5' C IhR LYPYR? ;REURN MO HRIN
0353' F8 29 C PSIUD: UI IOW (S1HD) ;SKID TIM THROUG
0355' CO 02CA' " LBR LYPYR1 ;POINT AT FAST CLOCK

C
C ;Dependiga n the state of the tick flag, this routine
C ;wil return to either the main program or the interrept
C ;service routine.
C

0358' F8 17 C TSTICK: LDI IOW (TIK) ;OINT AT TICK FLIAG
035A' A7 C PLO R7
035B' 07 C 1UN R7 ;EDfMIN FLAG
035C' :2 037A' C 1hZ ENTINT ;IF NOT SET RI TRNM IITRPT.

C RMN ;OTHEWISE, REUN 1O NAN
035F' D5 C+

C I IINIRPT.MAC
C
C * INrRPT.WAC *

C
C
C
C ;+ THIS IS THE INTERPT SEVICE REDE +
C
C
C ;This routine handles interrupt requests. The caly
C ;interrupt which can occw in this system is the
C ;one minute tick. The purpose of this routine is
C ;simply to update the clock. Two exits are possible,
C ;the normal exit, and the forced exit. A forced exit
C ;occurs when upon returning frcm the routine which
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C ;advances the clock, Q is set indicating the start
C ;of a measurement sequence.
C

0360' E2 C EXI: SEX R2 ;RESTORE STACX POIRI R AND
0361' 70 C REr ;ENABLE PURTM IRrERRUPTS

C
0362' 22 C INTRPT: DEC R2 ;POINr 7 A CLEAR WCATICIN
0363' 78 C SAV ;SAVE OLD X AND P
0364' 22 C DEC R2 ;MOIVE TO NEXT IAOCAION
0365' 73 C ST1D ;SAVE ACCX IOR
0366' 76 C RSR ;MME DF M MSB OF D
0367' 73 C STIW ;SAVE IF
0368' 87 C Q.O R7 ;SAVE THE CONTEI OF R7
0369' 73 C SXD

C
C ;At this point we have preserved eouh of the
C ;register data to safely test the tick flag and
C ;exit if it is set.
C

036A' F8 17 C LDI LOW (TIOC)
036C' A7 C PID R7
036D' 07 C LEI R7 ;GET TICK FLAG
036E' CA 038E' C LM XUNI ;EXIT IF SET

C
C ;Tick flag was not set so omtinue saving registers
C

0371' 8A C GM) RA ;SAVE RA
0372' 73 C STXD
0373' 9A C GHI RA
0374' 73 C STXD
0375' 8C C QjD RC ;SAVE RC.O
0376' 73 C S1M

C
C ;With these registers preserved the clock may
C ;nw be incremented.
C

0377' CO 0282' C 1BR MICLC ;MICREMITHE CLOC
037A' C9 038A' C EIN': LBN RSTRX ;IF Q IS SEF, LOAD R3
037D' F 4B' C WDI 10w (SS=
037F' A3 C PLO R3 ;WI E ADIRESS OF
0380' F8 OF' C WDI HIG (MSRS )
0382' B3 C PHI R3 ;MEAMRMM SEXENM
0383' F8 FF C WDI 1OW (STAC)
0385' A2 C PLO R2 ;RIVTORE STACK PODI'1
0386' F8 FF C WDI HIGH (STACK)
0388' B2 C PHI R2 ;AND
0389' D3 C SEP R3 ;E[LT WIERRUPT, (Y1HWISE
038A' E2 C RSTRX: SEX R2 ;REITORE POINTE AND
038B' CO 039A' C LBR RSR ;RETRE ALL R GISTES

C
C ;This is the fast .nterrupt exit
C

038E' 12 C XINTF: IM' R2 ;POIt TO OLD R7.0
038F' 42 C EXCCN: LDA R2
0390' A7 C PIO R7 ;RESTORE R7
0391' 42 C LIA R2
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0392' FE C SIlL ;RESTORE DF
0393' 42 C LDA R2 ;RESTORE ACaWtOR
0394' El C SEX RI ;7ABbE Im rUPT HIRARE
0395' 65 C cuT CLRNI
0396' 00 C DB 00
0397' CO 0360' C R EXINT ;EXIT INTrRUr R(CffI

C
C ;This is the slow interrupt exit.
C

039A' 12 C RETR: INC R2 ;POINT 70 OLD RC.0
039B' 42 C LDA R2 ;GET RC.0
039C' AC C PLO RC ;RC.0
039D' 42 C WDA R2 ;M RA
039E' BA C PHI RA
039F' 42 C LDA R2
03AO' AA C PLO RA
03A' CO 038F' C LBR EZCf ;CIMMM REMMO DA=A

C

C DrIN E ISAIl.MNAC
C
C A* SA ERIFr (SAIL.MAC) *
C ;
C
C ;This module is designed to be a "KW W" around -which
C ;the operating system of any SAIL oriented instruent
C ;may be based. The progra expects the uW to be an
C ;1854 and the CPU to be an 1802. The WRT shold be
C ;located at I/O ports 6 and 7, and have its ES (bar)
C ;input connected to a loop status indicator. The RCA
C ;Standard Call and Return Technique (SMr) is used.
C
C 1. Define the NAME of the SAIL device.
C 2. Define the PRCPT character to be used.
C 3. Change the MRP file as required.
C
C ;Define a few RAM locations.
C

Fl05 C SCRAM WU GL TAL+5 ;A SCRATCH LOCATICQ
FEOB C E KU SCRAC+6 ;C HI BYTE
EW, C CRCL Eau Q[I+1 ;CRC ID BYE

C
C ;Note that GICBAL will always be address nOO and
C ;defines the start of a RRM page to be used by all
C ;routines. The first location will usually cotain
C ;either the last character typed or the oontents of
C ;the MW status register. The second locatio is
C ;reserved for the system error flag. Register R7
C ;will always point to some GLOBAL location.
C
C
C ; * T EM WERR [iTR DATA LO *
C
C

03A4' F8 17 C CLTIC: LDI INM (TICK)
03A6' A7 C PLO R7
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03A7' F8 O1 C LDI 01H ;SET THE TICK FLAG
03A9' 57 C SIR R7

C CALL MH1QK ;ADVANCE THE CLOCK
03AA' D4 C+
03AB' 0282' C+
03AD' Cl OF4B' C LSQ MSRSE ;IF TIME MEASURE, OTHERWISE
03BO' n'01 C SAIL: LDI OH ;POINT TO TE FLAG
03B2' A7 C PLO R7 ;WD AND

03B3 F8 00 C LDI OOH ;RESET ALL BITS

03B5' E7 C SEX R7
03B6' 73 C STXD
03B7' 6E C IMP DATA ;CLEAR UART DA BIT

03B8' E3 C SEX R3 ;CCMGLRE UART
03B9' 67 C our STATUS

03BA' 12 C DB CCFIG
03BB' F8 17 C LDI LOW (7I00
03BD' A7 C PLO R7
03BE' F8 00 C WDI 000 ;REW TICK LAG
03C' 57 C SiR R7
031' CO -7BC C LBR ADIRS? ;TEST OR C LOO

C
03C4' E3 C EXr: SEX R3 ;CLAR WERRUPT LATCH

03C5' 65 C OUT CiINT
03C6' 00 C DB 00H
03C7' 71 C DIS ;DISABLE IRTERRIM
03CS' 33 C Do 33H
03C9' CO 0F48' C LOR MAIN ;EXT THIS MOMUJ,1

C
C ;Mre device NAME may be any ombination of alpha-
C ;mumric characters.
C

030C' 49 32 7E C NAME: ES "12",S1U' ;DEVICE NAME
C

007E C StIW F3J Eau ;MESSAGE TERKAT0R
C
C ;Pick a character to be used as an instrnent PFPT
C

003A C PROMPT QU ..:. ;TIS IS THE PROMT
c ;
C ;Defimne the hex equivalent of an ASCII carriage
C ;return,line feed, spacenul, befl, and, etx character.
C

OOOD C CR EvU Oti
O00A C IF BQU OAH
0000 C NL EQ 000
0020 C SPACE EIQ 200
0003 C E-X E2J 03H
0007 C BEL B 07H

C
C ;The UART is configured for 7 data bits, ev~e parity,
C ;and 1 stop bit. This configuratio may be modified
C ;by changing the byte stored at CFIG.
C

0012 C O-FIG EQJ 12H ;UART OCUFI(JRATIO
C
C ;Define the 1/0
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C
0001 C SEL= EVJ 01H ;BANK SELFr ER PRM
0002 C PWRRST EU 02H ;iRi. LATOI RMLWE
0003 C PING I1 03H ;TRASI A PING
0004 c STpCLK J 04H ;SToP TEE RIAL TIM ac
0005 C CAI EQU 051H ;ACKR31 THE IERUPT
0006 C DATA EQU 06H ;UART DATA, IN CR CUT
0007 C STATUS E 07H ;UAT (XURIL, CR STATUS

C ;

C ;Store a few often used messages
C ¢ ;I

03CF ' 3B C E : B ; "

03D0' OA OD 7E C crLF: B LF, ,STOP
03D3' 20 C SPSP: DB SPACE
03D' 20 7E C SP: DB SPACE,STP
03D6' 0A0D 20 7E C (REP: DB LF,1,SPAE, STOP
03DA' 52 43 7E C RC$: MB 'RC'SI
03W' 20 46 72 6F C F1OM: B t "From ",'-IX,SP
03E1' 6D 20 03 7E C
03E5 20 54 6F 20 C TO: LB "To ",EfroST'
03E9' 03 7E C
03EB' 20 4F 76 65 C OVER: DB "Over ",ETX,SITW
03E' 72 20 03 7E C
13F3' 20 3D 20 7E C D: B " = ",S'OP
03F7' 20 43 4C 45 C LamR: B " ( .R",STOP

03FB' 41 52 7E C
03FE' 20 4E 4F 54 C N): DB " Wr AIUAW!",STW
0402' 20 41 c4C C
0406' 4F 57 45 44 C
040A' 21 217E c
04OD' 4 43 48 7E C I=: LB "O",S=(
0411' 4E 4C 4F 43 C lxac(: LB '',S01
0415' 4B7E C
0417' 44 4C 45 7E C DLE: LB ' qLS'.1U
041B' 49 4E 47 7E C ING: LB "ING",STOW
041' 20 4 4B 7E C Me: DB "o",S'Im
0423' 20 20 4F4Q C W?: B " CK (Y/N) ? ",ErX,S'1P
0427' 2028 59 2F C
042B' 4E 29 20 3F C
042F' 20 2003 7E C
0433' OA O 20 3A C Der: L I,CR,SPACE,PKrSPCE,EX,ST(%
0437' 20 03 7E C
043A' 20 20 57 48 C R: LB SPACE,SPACE,"WAT ?",BEL,SU
043E' 41 54 20 3F C
0442' 07 7E C
0444' 6F 76 65 7E C OVE: LB "ove",SIV[
0448' 20 52 45 41 C READY: to READYo,STOP
044C 44 59 7 C
044' 20 30 30 2E C SECS: IB SPACE,"00... ",STIOP
0453' L 2E 907E C
0457' 40 7E C AT: DB w',.T
0459' 49 4 45 7E C TIME: DB "IE",SIOP
045D' 43 48 45 44 C SCED: IB "QIIMolE,S wP
0461' 55 4C 45 7E C
0465' 0D OA 20 53 C STDAY: D8 CR,L2," Start an day ",M%
0469' 74 61 72 74 C
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046D' 20 6F 6E 20 C
0471' 64 61 79 20 C
0475' 3D 20 7E C
0478' 20 20 68 6F C STHOUR: DB " hour=",STO

047C' 75 72 20 3D C
0480' 20 7E C
0482' 20 20 6D 69 C S'T fN: DB ' minute = ",S"
0486' 6E 75 74 65 C
048A' 20 3D 20 7E C
048E' Oi) OA 20 4D C MMADM: DB CR,LF," Measurement interval, minates = ",ST1OP
0492' 65 61 73 75 C
0496' 72 65 6D 65 C
049A' 6E 74 20 69 C
049E' 6E 74 65 72 C
04A2' 76 61 6C2C C
04A6' 20 20 6D 69 C
O4AA' 6E 75 74 65 C
04AE' 73 20 3D 20 C
0482' 7E C
04' OD 0A 20 53 C S M: D CR,LF," Seduler is ",STOP
04B7' 63 68 65 64 C
04BB' 75 6C 65 72 C
04BF' 20 69 73 20 C
04C3' 7E C
04C4' 41 43 54 49 C ACTIVE: D "ACTIVE with ",SP
04C8' 56452077 C
04CC' 69 74 68 20 C
04D0' 7E C
041' 48 20 6D 69 C MINURf: DB "H minutes remaining to the next measurement."
04D5' 6E 75 74 65 C
0409' 73 20 72 65 C
04M' 6D 61 69 6E C
04E1' 69 6E67 20 C
04E5' 74 6F 20 74 C
04E9' 68 65 206E C
04ED' 65 78 74 20 C
04Fn' 6D 65 61 73 C
04F5' 75 72 65 6D C
04F9' 65 6E 74 2E C
04FD' 7E C M SOP
04FE' 49 44 4C 45 C ITLrfi: EB "I3t.",Sw
0502' 2E 7E C
0504' OD OA 20 50 C PNTR: 1B) (ZI," Pointer is at ",STO
0508' 6F69 6E74 C
05OC' 65 72 20 69 C
0510' 73 20 61 74 C
0514' 20 7E C
0516' OD OA 20 53 C W3TACT: EB CR,I," Scheduler was !Jr active !",BEL,SW
051A' 63 68 65 64 C
051E' 75 6C 65 72 C
0522' 20 77 61 73 C
0526' 20 4E 4F 54 C
052A' 20 61 63 74 C
052E' 69 76 65 20 C
0532' 21 07 7E C
0535' OD OA 20 54 C MIMIN: DB CR,F," This interval must be greater than"
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0539' 68 69 73 20 C
053D' 69 6E 74 65 C
0541' 72 76 61 6C C
0545' 20 6D 75 73 C
0549' 74 20 62 65 C
054)' 20 67 72 65 C
0551' 61 74 65 72 C
0555' 20 74 68 61 C
0559' 6E 20 C
055B' 74 77 6F 20 C ES "two (2) minutes.",E6,STOP
055F' 28 32 29 20 C
0563' 6D 69 6E 75 C
0567' 74 65 73 2E C
056B' 07 7E C
056D' 41 52 4D 45 C ARMI: IM "ARMED IT NOT ACIVE",STP
0571' 44 20 42 55 C
0575' 54 20 4E 4F C
0579' 54 20 41 43 C
057D' 5449 56 45 C
0581' 7E C
0582' 4E 4F 54 20 C NXTARM: MS "NOT ARMI",ST(P
0586' 41 52 4D 45 C
058A' 44 7E C
058C' 0A 220 41 C SAT: EB 11," AT ",ST(W
0590' 5420 20 7E C
0594' 2A 7E C ASIK: DB "*",'STOP
0596' 61 6D 20 54 C RMTT: M "am Test",STOP
059A' 65 73 74 7E C

C
C ;TMis is the HEP file. It contains an explanation
C ;of the comoo 1802 manitor functions acssible
C ;via the sail loop. Specal functions that apply
C ;to the progra in which this module is placed may
C ;be added here. The monitor bmctians included are:
C ;?X, :, $P, !1=£, !tKNLCC, and 7C
C

059E' OD OA OA C HELP: EB CR,ILF
05A1' 2020 49 4E C EB " I PROGUK"
05A5' 54 45 52 52 C
05A9' 4F474154 C
05AD' 4F 52 20 50 C
05B1' 52 4F 47 52 C
05B5' 41 4D C
05B7' 20 20 20 56 C DB " Ver. 1.1 Jan. 1985"
05BB' 65 72 2E 20 C
05BF' 31 2E 31 20 C
05C3' 20 4A 61 6E C
05C7' 2E 20 31 39 C
05(C' 38 35 C
05CD' OD OA OA OA C Ie CR,LLF,LF
05D1' 20 20 53 59 C EB " SYSTEM COMM-NS",CR,I,I
05D5' 53 54 45 4D C
05D9' 2043 4F 4D C

05' 4D 41 4E 44 C
05E1' 53 OD OA OA C
05E5' 20 20 21 4) C DB " !Maaaa dddd"
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05E9' 61 61 61 61 C
05ED' 20646464 C

05F1' 64 c
05F2' 20 20 20 20 C - M

05F6 20 4C 4F 41 C
o5FA' 44 20 4D 45 C
05FE' 4D 4F 52 59  C
0602' OAOD c Iw 010)1

0604' 2020 3F 4D C DB " lows

0608' 20 20 20 20 C to ,"DIsPAYN f'

o6C' 20202020 C
0610' 20202020 C
0614' 2020 44 49 C
0618' 53 50 4C 41 C
061C' 59 20 4D 45 C
0620' 44F5259 C
0624' OA0D C DR A01

0626' 20 20 24 50 C DB " "$P

062A' 61 6161 61 C
062' 20 20 20 20 C ""1

0632' 20 20 20 20 C
0636' 20 20 52 55 C
063A' 4E 20 50 52  C
063E' 4F 47 52 41 C
0642' 4D C

0643' OAOD C Nw 0A011

0645' 2020 3F 43 C mB "?C

0649' 20 20 20 20 C is 
(cl

064D' 20202020 C
0651' 20 20 20 20 C
0655' 20 20 43 41 C
0659' 4C 43 55 4C C
065D' 41 54 45 20 C
0661' 43 52 43 C
0664' 0AOD C W OAO

0666' 20202041) C m " If"

066A) 20 20 20 20 C ts , M I

066E' 20202020 C
0672' 20202020 C
0676' 2020 41)41' C
067)" 56 45 2041) C
067E' 45 4D 4F 52 C
0682' 59 c
0683' OAOD c NW 0A011

0685' 20 20 20 52 C It " "
0689' 20 20 20 20 C B ""

068D' 20202020 C
0691' 20 20 20 20 C
0695' 20 20 54 45 C
0699' 53 54 20 52 C
069D' 41 41 C
069F' 0AD c DW OAO

06AI' 20 20 3F 53 C Bt "?S"

06A5' 20 20 20 20 C DB " ","DISPLAY S(XEIUDLV'

06A9' 20202020 C
06AD' 20202020 C
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06Bi' 2020 44 49 C
06B5' 53 50 4C 41 C
06B9' 59 20 53 43 C
06BD' 48 45 44 55 C
06C1' 4C 45 C
06C3' 0AOD C IW OAODH

06C5' 20202153 C B , .SGEDJI

06C9' 43 48 4544 C
06CD' 55 4C 45 C
06D0' 20 20 20 20 C De " ","PRGAM SC1IEIZ"

06D4' 20202050 C
06D8' 52 4F 47 52 C
06DC' 41 4D 20 53 C
06E0' 43484544 C
06E4' 55 4C 45 C
06EV OAOD C Dw OAO1
06E9' 20202154 C ES " ;TIHE"

06ED' 4941) 45 C
060' 20 20 20 20 C ES ,SElo aiJ "

06F4' 20 20 20 20 C
06F8' 20 20 20 53 C
06FC' 45542043 C
0700' 4C 4F 43 4B C
0704' OAOD C Iw OA01
0706' 20 20 3F 54 C DB " .TV

070A' 20 20 20 20 C DB it ","DISPIAY TIE"

070E' 20 20 20 20 C
0712' 20 20 20 20 C
0716' 20 20 44 49 C
071A' 53 50 4C 41 C
071E' 59 20 54 49 C
0722' 4D 45 C
0724' OAOD C DW OA01H
0726' 20 20 21 4C C ISB " !Ill,"

072k' 4F43 4B 20 C
072E' 20 20 2020 C
0732' 20 20 20 20 C
0736' 20 20 C
0738' 50 52 4F 54 C EB "PItr= ?140Y"

073C' 4543 54 20 C
0740' 4D 45 4D 4F C
0744' 52 59 C
0746' OAOD C IW OAOH
0748' 20 20 21 55 C I " !xi)C',"

074C' 4E4C 4F 43 C
0750' 4B 20 20 20 C
0754' 20 20 20 20 C
0758' 20 20 C
075A' 55 4E 50 52 C DO '%NPROTE r MCxY"
075E' 4F 54 45 43 C

0762' 54 20 4) 45 C
0766' 4D 4F 52 59 C
076A' OAOD C IW OAODH

076C' 20 20 21 49 C EB " !IDLE",

0770' 44 4C 45 20 C

0774' 20 20 20 20 C
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0778' 20 20 20 20 C
077C' 20 20 C
077E' 49 4E 48 49 C DB "INHIBT J "
0782' 42 49 54 20 C
0786' 53 43 48 45 C
078A' 44 55 4C 45 C
078E' 52 C
078F' OAOD C DM OAODH
0791' 20 20 21 50 C DB "!PING',"

0795' 49 4E 47 20 C
0799' 2020 20 20 C
079D' 20 20 20 20 C
07A1' 20 20 C
07AY 54 52 41 4E C DB ' A 10 mS F1IS',CR,LF,S1W
07A7' 53 4 49 54 C
07AB' 20 41 20 31 C
07AF' 30 20 6D 53 C
07BY 2050 554c C
07B7' 53 45 0D 0A C
07BB' 7E C

C
C ;If data is available, the loop is closed.
C ;Enable interrupts which will take over the
C ;fmction of incrementing the real time clock,
C ;and look for the address sequence. (NAME)
C

07BC' E3 C ADDS?: SEX R3
07BD' 65 C OUT CaIUIT ;RESET In~ dajIf
07BE' 00 C rB 00H ;MNWRE
07W' 70 C RET ;ENiAT INTERUPTS
07C0' 33 C DB 33H

C CHAR? ;REEIVE A "#I" ?
07C1' D4 C+
07C2' 0145' C+
07C4' 9C C+
07C5' CA 0939' C+
07C8' 8C C+

C
C ;Since the # was received, set up to receive NAME
C

07C9' C DEVICE: WORD? NAME ;1DOK FOR 'WWE
07C9' D4 C+
07CI' 01t' C+
07C' 03CC 'C+
07CE' 9C C+
07CF' CA 0939' C+
07D2' 8C C+
07D3' CA 07BC' C 3 AIIRS? ;RY AGAIN
07D6' CO 08D2' C LBR ]IDET ;IDNTM'INSTRUMENT

C ;
C ;AT THIS POINT THE INSTRMM IS OORRETLY ADDRESSED
C

C INCNZ]E ISCMIDSI.MAC
C
C * C .DSMAC *
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C ;

C
C ; +H, X, 7M, !M, $P, M, R, !LOCK,+
C ;+:S, ?S' !7, -1, '!I. KPn +

C ;+!ULOCK COgAND n?1TEPFPR +

C
C
C ;Test the first character received after a correct
C ;address sequence. It should be an H, M, R, ?, ,orS.
C ;If it is not, generate an error message.
C

07D9' FS 17 C CMDIN: WDI 1CN (TICK)
07DB, A7 C PLO R7
07DC' F8 00 C LDI 00H ;CUM TICK FLAG

07DE' 57 C STR R7
C CHAR? ;GET A CHARACTE

07DF' D4 C+

07D3' 0145' C+
07E2' 9C C+
07EY CA 0939' C+

07E6' 8C C+
07E7' FB 48 C XRI #wo ;IS IT AN ''

07E9' C2 0905' C LWZ HLPCUr ;IF SO TYPE THE HlP MESSAGE

07EC' 8C C GLO RC ;011MSE, REM CHARACTE

07ED' FB 3F C XRI "?" ;IS IT A "?" ?

07EF' C2 080D' C LBZ CorM ;F SO TEST NEXT RR C O M

07F2' 8C C GLO RC ;arHIUSE, RESTORE CHRPACMh
07F3' FB 21 C XRI "!" ;IS IT A "!" ?

07F5' C2 082F' C LBZ MorL ;IF SO TEST NOETR M OR L(

07F8' 8C C GQO RC ;OTUMISE, RESTORE OIARACTER

07F9' FB24 C XRI "$" ;IS IT A "$" ?

07FB' C2 08B1' C LBZ P ;IF SO TEST NEXT RR P

07FE' 8C C Gl RC ;OHIU SE, RESTORE CHNU

07FF' FB 4D C XRI 'M7' ;IS IT AN 'W' ?

0801' C2 OADF' C LBZ MVE ;IF SO GOTO MOVE

0804' 8C C Go RC ;OTKWISE, RESMTOE CHARACT
0805' FB 52 C RI "R" ;IS IT AN '" ?
0807' C2 0BD5' C IBZ RAM7'T ;IF TEST RAM

C
C ;This ends the test for the standard sail coamnds.
C ;Enter any additional command tests after this
C ;comment.
C
C * ADDITIONL (IHAND TEST GO IE
C

0OA' CO 08F9' C LR ERROUT ;NUT A RE0OGN= CCMND
C
C ;Determine the character which follows "?". It should
C ;be either a "C", 'W', "'I"' or an "S". If it is not, type
C ;the error message and go to PRMOUT.
C

080D' C CorM: CHAR? ;GF THE NEXT CHARACTER
080D' D4 C+
080E' 0145' C+
0810' 9C C+
0811' CA 0939' C+
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0814' BC C+
0815' FB 43 C XRI "C ;IS IT A "C" ?
0817' C2 0A58' C LBZ C ;IF SO GO T CRC
08A' 8C C GID RC ;OTHEWISE, RESTORE CHARACTE
081B' FB 4D C XRI "N"' ;IS IT AN 'f' ?
081D' C2 094D' C LBZ (URRY ;IF SO GO 70 QUERRY MEDRY
0820' SC C G.W RC ;OTHERWISE, RESTORE HARACTER
0821' FB 54 C XRI '' ;IS IT A "T"
0823' C2 0B35' C LZ (Ef ;If SO GO TO Qf=TION TIME
0826' 8C C QO RC ;C1MEISE, RESTOE CIARACTM
0827' FB 53 C XRI "8s ;IS IT AN "S" ?
0829' C2 OD06' C 1SZ gIYSC) ;IF SO TYPE SCHLE

C
C ; ** RM AIDTflCNAL "?" WDS HERE *
C ;

082C' CD 08F9' C LBR ERPOM ;IF NDT, TYPE THE ERROR HSG.
C
C ;Determine which dharacters follow the "I". They
C ;should be either an 'W', "I'C', "UKLOC', 'T',
C ;or 'P";

082F' C MbrL: CHAR? ;GEr THE NEXr Q{ARAC1TR
082F' D4 C+
0830' 0145' C+
0832' 9C C+
0833' CA 0939' C+
0836' 8C C+
0837' FB 4D C XRI "t" ;IS IT AN '"
0839' C2 09A4' C LBZ LOAD ;IF SO GD LOAD

C
C ;The ommia was not !M, so test for !MOK, !IUIXK
C ;!IDLE, or !ING.
C

083C' 8C C Q. RC ;RESTORE (HAR)C1
083D' FB 4C C XRI '"l ;IS IT AN '" ?
083F' CA 084F' C BUR U? ;IF SO WI(O FOR "OM'

C WORD? LOCK ;AND IF MM GOM1
0842' D4 C+
043' 012B' C
0845' 040D' C+
0847' 9C C+
0848' CA 0939' C+
084B' 8C C+
084C' C2 0911' C 1BZ C1AMo ;(IOSE, OTHERWISE
084 ' 8C C U?: G0 RC ;RESTORE CIARACTER
0850' FB 55 C XRI ItU ;IS IT A "U" ?
0852' CA 0862' C 1RB v ;IF 0OM FOR 'W'

C VORD? LOC(X ;AND IF FtU) GOO
0855' D4 C+
0856' 012B' C+
0858' 0411' C+
085A' 9C C+
085B' CA 0939' C+
0SSE' 8C C+
085F' C2 0925' C LBZ OPEN ;OPEN, OTHERWISE
0862' 8C C T?: GLO RC ;RESTORE CHARACTER
0863' FB 54 C XRI "T" ;IS IT "T" ?
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0865' CA 0875' C L S? ;IF SO LOOK F "IME"
C WORD? TINE ;IF F(I4D

0868' D4 C+
0869' 0128' C+
086B' 0459' C+
086D' 9C C+
086E' CA 0939' C+
0871' 8C C+
0872' C2 0890' C LBZ LDM ;SEr ThE CILCK
0875' 8C C S? GLD RC ;IS IT AN "S"
0876' FB 53 C XRI "S" ;IF SO IE FR
0878' CA 0888' C iaM I ;'

C WORD? SCED ;AND IF PC=
087B' D4 c+
087C' 01M' C+
087E' 045' C+
0880' 9C C+
0881' CA 0939' c+
0884' 8C C+
0885' C2 0CE' C LBZ US ;1LAD THE SCiM E
0888' I C I?: GO RC ;REMM C1TM
0889' FB 49 C ZI 'T' ;IS IT AN '" ?
088B' CA 089B' C Mm PN? ;IF SO IO= FR DIE

C WCM? ME ;AND IF FUID RESEr
088E' D4 C+
08SF' 012B' C+
0891' 0417' C+
0893' 9C C+
0894' CA 0939' C+
0897' 8C C+
0898' C2 0Fl' C IZ f=b0 ;THE GO FLAG
089B' SC C PN?: QO RC ;OMEWLsE, IS IT
089' FB 50 C I 'P" ;A "P' ?
089E' CA 08E' C LBHZ NOW2D ;IF SO, IWCK iR

C WMD? fM ;' , AND IF FUtM
08A1' D4 C+
08 ' 012i C+
08M' 0418 '+
08A6' 9C C+
08A7' CA 0939' C+
08MA' SC C+
0888' C2 OF37' C LBZ MIT ;S2D A PUMG

C
C EMUT AMITINAL "!" O M HER **
C

08AE' CO 08F9' C MiD: LBR EIRMU ;GMfl ERROWS
C
C ;Determine the character which follows the $,
C ;it should be a "'".
C

088' C P?: CHAR? ;GEr THE NEXT ( ARACMMC
081' D4 C+
08B2' 0145' C+
08B4' 9C C+
08B5' CA 0939' C+
08B8' 8C C+
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08B9' FB 50 C XRI #" ;IS IT A 'P" ?
C
C ; N h* AfDITICML "$" O 3ENDS *E
C

08BB' CA 08F9' C UM EROUT ;IF NOT GOf) E1RRT
C GELG ;I' 7mSYS OPN ?

08BE' F8 01 C+
08CO' A7 C+
08C1' 07 C+
08C2' F6 C SR
08C' C3 OAC0' C LBDF RUN ;IF IT IS GO7O RUN
08c6' C NORM: TYPKSG NO ;01HMV=, T'YP/ E WfNO MG.
08C6' D4 C+
08(7' 0 ' C+
08"9' 03FE' C+
08(3' 91C C+
08C' CA 0939' C+
08CF' O08D' C LBR PMW ;ND GOID PRH(VT

C
C ;At this point all "commaV" tests have been made.
C

C INC= ISACTI.MAC
C
C ; *SACTCKNAC*

C
C ;Tis block of code defines the action to be takea
C ;upm the receipt of standard SAIL commands
C ;

08D2' C IlEIT: TYPMSG CRLS ;I]ERW BY TYPING
08D2' D4 C+
0m' (m# C+
08D5' 03D6' C+
08D7' 9C C+
08D' CA 0939' C+

C Tmw NAME ;19TRUIT NAME ND
08DB' D4 C+
08=f' 00(3' C+
08' 03CC' C+
08E)' 9C C+
08E' CA 0939' C+

C T'PHSG REDY ;THE WRD READY
08E4' D4 C+
08' 00(3' C+
08E7' 0448' C+
08m9' 9C C+
08E' CA 0939' C+

C
08m' C PRMOIT: TYPMSG PRMPT ;TYPE P1PT SBXM4E
081D' D4 C+
08' 00(3' C+
0,1'0' tJ4i. C

08F2' 9C C+
08F3' CA 0939' C+
08F6' CO 07D9' C LIBR CMDIN ;GEr AM OMMAND
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C
08F9' C REROUT: TYPMSG EROR ;TYPE ERROR S12JENCE
08F9' D4 C+
I8FA' OOCB' C+
O8FC' 043A' C+

08FE' 9C C+
08FF' CA 0939' C+

- 0902' CO 091A' C LER RSTFIL ;GOTO PRMIT VIA RESET
C
C ;The response to the "7' cunA is to simply type
C ;the message stored in the help file.
C

0905' C MIO: TMPM3G HUP ;TYPE THE HElP MESSAGE
0905' D4 C+
0906# O0CB' C+
0908' 059E' C+
090A' 9C C+
090B' CA 0939' C+
090E' CO 08M' C LBR Fmwr ;GET M= 0300D

C
C ;The response to a '1OC" wommand is to reset the

C ;system OPEN flag.
C

0911' C CLOSE: TYPMSG OK ;SAYCKTHENRE FLAG
0911' D4 C+
0912' 00C' C+
0914' 041F' C+
0916' 9C C+
0917' CA 0939' C+
091A' F8 01 C RSTF G: LDI 01E ;POINT AT SYST( FLAG
091C' A7 C PLO R7
091D' E7 C SEX R7
091E' F8 FE C LDI 0Mh ;MASK AL BUT OPE BIT
0920' F2 C AND ;REST THIS BIT

0921' 57 C SIR R7 ;ST=E FAG
0922' CO 08ED' C LBR Pram ;GE NEU COMMAND

C
C ;The response to a "!NLOX' command is to set
C ;the system OPEN flag.
C

0925' F8 01 C OPEN: LDI OIE ;POINT AT SYSTEi FLAG
0927' A7 C PLO R7
0928' El C SEX R7
0929' F8 01 C LDI 01H ;MASK ALL BUT P BIT
092B' Fl C OR ;SET THIS BIT
092C' 57 C STR R7 ;STORE FLAG

C TYPIISG OK ;TYPE "' AND

092D' D4 C+
092E' 00CB' C+
0930' 041F' C+

0932' 9C C+
0933' CA 0939' C+
0936' CO 08D' C LBR IMOT ;GET NEXT COQND

C
C ;Depedi on the state of an error flag set
C ;after reading the UART status, the program
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C ;will either branch to MAIN, un-address, or
C ;output the error message.
C

0939' 9C C ERVEC: Gi RC ;RECVE STATUS FLAG
093A' FE C SHL ;LOOPOPPE ?
093B' C3 03C4' C LBDF EXIT ;fIF SO EXIT
093E' FE C SHL ;REEIV A "T" ?
093F' C3 07C9' C 1BDF DEVICE ;IF SO U FOR NAME
0942' FE C SHL ;UART ERROR ?
0943' C3 03BO' C LBDF SAIL ;IF SO DE-ADDESS
0946' FE C SHE, ;ORAMIR EROR ?
0947' C3 08F9' C LBDF EROW ;IF SO SEND EROR MSG.
094A' CO 03C4' C IR EXT ;NOE OF ABOVE, ET

C
C ;The respose to a "N' is to type the cotents of a
C ;specified niber of memry locaticns starting at
C ;a specified address.
C

094D' C QJUERY: CALL G= ;GT STAR!A ENDD
094D' )4 C+
094E' 023C' C+

C ERROR? ;REACr 70 RO RS
0950' 9C C+
0951' CA 0939' C+

C TYPMSG CiL' ;TYPE A CRA/F
0954' D4 C+
0955' OOG' C+
0957' 03DO' C+
0959' 9C C+
095A' CA 0939' C+
095D' 9A C TYPADD: GII RA ;TYPE MSB OF ADDRESS
095E' AC C PLO RC

C CAL TYPE
095F' D4 C+
0960' 021F' C+

C RR? ;RC 0 ERRS
0962' 9C C+
0963' CA 0939' C+
0966' 8A C GID RA ;TYPE LSB OF ADDRESS
0967' AC C PLO RC

C CALL TYPC
0968' D4 C+
0969' 021F' C+

C RROR? ;REACr 0 O
096B' 9C C+
096C' CA 0939' C+
096F' C SPCUT: TYPHSG SP ;TYPE A SPACE
096F' D4 C+
0970' 00B' C+
0972' 03D4' C+
0974' 9C C+
0975' CA 0939' C+
0978' 4A C BYTUTr: LDA RA ;GET A MEMORY BYME
0979' AC C PL1) RC ;TYPE IT

C CALL TYPEC
097A' D4 C+
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097B' OZIF' C+
C ERROR? ;REACT TO ERRORS

0971)' 9C C
097E' CA 0939' C+
0981' 2B C DEC RB ;TEST FOR LAST =TION
0982' 9B C Gm RB
0983' CA 098A' C NZ IEST
0986' 8B C GLO RB ;IF DONE PROPT AND
0987' C2 08ED' C 1BZ P M19IV ;GE NrEXT O1MAWD
098A' 8A C LIST: GID RA ;0TRWIS, TEST FOR
098B' FA OF C ANI 0om ;DD OF LINE
098D' CA 099C' C BZ ' TSTSP

C TYPSG EL ;IF WuD, TYPE;
0990' 14 C+
0991' (Cm' C+
0993' 03CF' C+
0995' 9C C+
0996' CA 0939' C+
0999' CO 095D' C 1R TYPAW ;C
099C' 8A C TSTSP: CO.l RA ;NET LOCATICK EVEN ?
099D' F6 C SIR ;IF 3S, FTTYPE A
099E' CB 096' C L w Spam ;SPACE. MUMVM,
09A' CO 0978' C IER Brxl ;TYPE NEXT XEMOR BYTE

C
C ;The respmse to a "!" is to load e y with data
C ;as it is input beginning at a specified address, and
C ;coatinuing until a carriage return is evountered.
C

09A4' C LOAD: CITLG ;IS THE SYSTEM OCX ?
09A4' F8 01 C+
09A6' A7 C+
09A7' 07 C+
09AB' F6 C SER ;IF SO, TYPE TERROR
09A9' C3 09AF' C DF UY&DD ;)ESSXZE TN PRIFT
09AC' Co 08CL6' c BR N ;OTEWISE,
09AF' EI' C LDADD: S= R7 ;RESr TIS SYSTh
09B0 FB 7E C WDI 7E ;= E(W A IS
0982' F2 C AND ;CO M BYTE FTAG
09' 57 C STR R7

C CALL GTM ;GEr START ADDR S
0934' D4 C+
09B5' 0161)' C+
09B7' 9C C GI RC ;TESRT EM M R RRS
09B8' FA FE C ANI OFER ;]FUND GOIVOV1V
M98A' CA 0939' C LBl ERVEC

0981' 8C C GLO RC ;WAS TE LAST CHARACTER
09BE' FB 20 C XRI SPACE "A SPACE ?
09C0' C2 09D2' C LBZ NXTD ;IF SO WAD DATA
09C3' BC c GLO RC NAS THE CHARACTR A
09C4' FB O C XRI CR ;CARRIAGE RURN ?
09C6' C2 oA39' C WZ MOWFL ;IF SO MODIFY COL. FAG
09C9' 8C C GLO RC ;VS THE CHARACTER A
09CA' FB OA C XRI .F ;LINE FED ?
09CC' C2 0A39' C LZ MDFIG ;1F SO MODIFY COL. FLAG
O9CF' CO 08F9' C IR ERROUT ;C1HMWSE, INDICATE AN EM
09D2' F8 01 C NXTD: LDI 0H ;POINT AT SYSTEM FLAG
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09D4' A7 C PLO R7
09D5' E7 C SEX R7 ;RESET 0M. FLAG BITS
09D6' F8 9F C DI 9FH

09D8' F2 C AND
09D9' 57 C SIR R7 ;STORE SYSTE FLAG

C CAIL DINCAR ;GET NEXT CHARKCTER
09DA' D4 C+
09DB' 0145' C+

C ERROR? ;REACT 10 ERORS
09DD' 9C C+
09DE' CA 0939' C+

C CALL AT(R ;CCNVET TO HEX
09El' D4 C+
09E2' 0058' C+
09FA' 9C c H RC ;Z ER GOOD NVET
09E5' CA OA06' C I= GST ;REACr M NK-HEINTRY
09E8' F8 04 C WDI 04H ;PRPARE TO ASSEME
09EA' AK C PM RA ;AN EIGHT BIT BYTE
09EB' 8C C DSHFT: GM RC ;SIT HEX DIGIT FROM
09EC' FE C SHL ;RA hOW TO RD HIGH
09ED' AC c PID RC
09EE' 9A C GRI RA
09EF' 7E C RSHL
09F0' BA C PHI RA
09FY' 2A c mc RA
09F2' 8A C GIO RA
09F3' CA 09 B' L L DSHFT

c GETG ;EIGHT BIT BYTE ASSEMBE ?
09F6' F8 01 C+
09F8' A7 C+
09F9' 07 C+
09FA' FE C SIHL
09FB' C3 0A23' C IMF STORE ;IF SO STORE IT, OEXISE
09FE' F8 80 C LDI 80B ;SET THE COPET BYTE flAG
OAOO' E C SEX R7
0A01' Fl C OR
OA02' 57 C SIR R7
0A03' CO 09D2' C I.l HM ;AND GT TEE NE HEX DIGIT
0A06' C CRTS: GL1 ;THE WAS A WNC-B ENIRY
OA06' F8 01 C+
OA08' A7 C+
0A09' 07 C+
0AOA' FE C SHL
OAOB' C3 0F9' C LJBDF ERRO ;IF THE BYTE WAS NOT 0OMIETE
0AOE' SC C GD RC ;THIS IS AN ERROR. IF THE BYTE
OAOF' FB OD c XRI CR ;WAS COMPLETE AND TE DERRY
0AUl' C2 081)' c LBZ Pid r ;WAS A CARRIAGE REM, Eq, EXIT
0A14' 8C C GO RC ;WAS THE TRY
OA15' TB 20 C XRI SPACE ;A SPACE ?
0A17' C2 09D2' C 11Z NKD ;IF SO CONTINUE
OAIA' 8C C GIO RC ;WAS THE ENTRY A ";" ?
0AB' EB 3B C XI ";" ;IF SO SET THE COL. FLAG
OAID' C2 A2E' C LBZ CLSET ;AND CONTINUE. OTHERWISE
0A20' CO 08F9' C LBR ERREJT ;INDICATE AN ER AND EXIT
0A23' 9A C STORE: GUI RA ;GET THE BYTE 70 BE STOED
0A24' 5B C SIR RB ;STIORE IT
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0A25' F8 7E C LDI 7EH ;RESET THE Ot4PIEIE
0.27' E7 C SEX R7 ;BYTE FLAG
0A28' F2 C AND
0129' 57 C STR R7
021' 1B C INC RB ;fl4CRX1' ADDRESS POINTR
0A2B' CO 09D2' C IBR NXT) ;GET TWE NEXT BYTE
OA2E' F 01 C OxLsr: LDI 01H ;POINT AT SYSTE FIAG
0A30' A7 C PLO R7
0A31' E7 C SEX R7
0A32' F8 60 C WDI 60B ;INDICATE Rf)ETIC4 CF
0A34' F1. C CR ;";" BY S (M.
0A35' 57 C STR R7 ;SEF T0 FLG
0A36' CO 09AF' C LBaR LM ;(Gr NEXT AM=
0A39' C IDNW: GETM ;IF CM. MAG IS SET
0A39' F8 01 C+
0A3B' A7 C+
0A3C' 07 C+
OB3D' V'l C SEX R7 ;MODIFY IT 70 RF TIS
0A3E' FE C SIL ;MIC ftCN ( UMiT A
OA3F' FE C sm ;CARRIAGE REM CE I= FED
OA40' C3 OA4A' C UBDF NOM
OA43' FE C SBL,
0A44' C3 0A51' C LW' NOV ;IF THIS FLAG WAS NOT SET
0147' CO 08F9' C IBR 71'O? ;ThERE IS AN EFR
0A4A' F8 BF C NOCR: IDI BFE ;RES CARRIAGE RETURN BIT
04' F2 C AND
OA4D' 57 C STR R7 ;STIRE MIFED FLAG
014E' CO 09AF' C LBR LW1A ;GFT NOW AUDS
0A51' F8 DP C NOLF: LDI OM ;MV1' THE LW FED BIT
OA53' F2 C AND
0,A54' 57 C SiR R7 ;SmTSE MODIFIMh FLAG
0A55' C O9AF C LBR WMDD ;GET NEW ADDR=

C
C
C ;The respo se to a is to calculate the CRC of a
C ;specified block of mery, beginninq at a specified
C ;locatiu. An erased block will mme the CM.D
C ;to be typed.
C

0A58' C CRC: TP= RC$ ;TYPE RC
0A58' D4 C+
0A59' OOC' C+
OA5B' 03DA' C+
0ASD' 9C C+
01ASr' CA 09391 C+
OA61' F8 OC C LDI IOW (CRCQO) ;SEr RAMO POIT AT
0163' AA C PLO RA ;THE 16 BIT CRC
0A64' F8 FF C LDI HIGH (CRCI) ;CCKSTMA
0A66' BA C PHI RA
0A67' 8 00 C LDI 00
0A69' EA C SEX RA ;SEr 77E CRC OOSTANT
0A6A' 73 C STXD ;MO ZERO
06B' 51 C STR RA

C CALL (EM{X ;(ET THE START ADDRESS
0A6C' D4 C+
OA6D' 023C' C+
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C ERO?;AND B10XX SIZE
OA6F' 9C C
0A70' CA 0939' C'
0A73' FS 01 C WDI 01H ;FOIlr TO SYSTEK FAG
0A75' A7 C PLO R7
0A76' E7 C SEX R7
0A77' R 80 C LDI 80H1 SET7HE CLEA.R

-0OA79' Fl C OR;HMW FA
OA7A' 57 C S1IR R7
OA7B' EA C CLO: SEX RA ;TESTA BYTEO
OA7C' F8 FF C WI OFFE MMRYR
0A7E F3 C NR;CLEAR otKDrrCN
OA7F' C2 OA87' C LBZ CRAUXc ;IF CAR, CALCULATE
0A82' V1 C SEK R7 ;O1HEWSE F=L
0A83' F8 7F C LI 7WE ;CLEAR HEM~ FLAG
QA85' F2 C AN4D
OA86' 57 C SmI R7
(Iwo' C CALL=CALOL CALR ;CALCLATE GCr
0A87' D4 C
0A88' 0253' C
OABA' 2B C mc RB ;1DEE T BYTE COUNT
OASB' 8B C Q.O RB;TS OCR
OA8C' CA OA7B' C 1u~L CLOYP ;CAiWJITICN CXI'PWE
OA8F' 9B C G~l RB IF SOTEST FOR
0A90' CA 0A7B' C LWZ CLOP ;CLEAR HMXIY
0A93' 07 C JLN R7 ;GETSYMI FLAG
0A94' FE C SilL J=~ AT CLEAR THRME

OA5' C OAA4' C 1lw CROUT ;IF SET, ITE 
C TYPMSG CLAR ;CLEAR MESSAGE AND

0A98' D4 C
0A99' 00c ~ C
OA9B' 03F7' C
OA9D' 9C C
WAE' CA 0939' C
OAA1' C10O 8E' C LBR PRKII ;GET NEXT' OIIIQf
OAA4 I C CRCOU: TYPMSG E2$ ;TYPE
OAA4' D4 C
Ojos' 00C ~ C
OAA7' 03F3' C
OAA9' 9C C
OAAA' CA 0939' C
OAAD' Fn 06 C 101 LOW (CRCHI) ;aIEERWISE, POW~
OAAF' AA C PLO RA ;m ~FINAL CC
QABO' F8 FF C 101 HIGH (CRCI) ;CONSTANT AND TYPE IT
OAB2' BA C PHI RA
OAB3' 4A C LDA RA ;GrI HALF OF C
OABN' AC C PLO RC

C CAL.L TYPDC ;TYPE IT
QABS' D4 C+
0AB6' 02HF'C
OAB8' GA C LtN RA;GTLMUOCR
0AB9' AC C PLO RC

C CXlL TyP! ;TYPE IT
OABA' D4 C+
CAB' 021ff C+
OABD' CO O8FE)' C LmR P1RMCAT ;GET =~ COIMMAND
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C
C ;The respcse to a $Pcommnd is to run a program
C ;beginning at a specified address. Prior to executing
C ;this ommand, the X and P registers Will be set to RO
C

OACO' 801 C RUIN: LDI 01H ;RESEr THE SYSTE1(
0AC2' A7 C PIO R7 ;IOCK GFLG

OAC3' F8 FE C LDI OFEH
OAC5' F2 C AND
0AC6' 57 C STR R7

C CALL GEM=EX ;GET START AD[RESS
OAC7' D4 C+
OACS' 016D' C+
OACA' 9C C GHI RC ;REACT T UART ERRORS
OACB' FA FE C ANI OPFE ;MASK NON-B FLAG
0ACD' CA 08P9' C L=- ERF=
OADO' 8C C GLO RC ;UlO FM
OAD1' FB OD C XRI CR ;CARDIAM REIM
OAD3' CA08F9' C I= E ;EIRR IF NOT F=
OAD6' 8B C GD RB ;TRAHS mM ADDRESS
0AD7' A0 C PWO RO :M RO
OAD8' 9B C GBI RB
OAD9' BO C PI RO
OADA' ED C SEX RO ;SET X TO RO
OAiB' DO C SE RO ;RU THE PROGM
OADC' CO 08ED' C IBR PREMW ;R3 LFT POINTING HERE

C
C ;The resp se to an M typed as the command is to move
C ;a block of memory fron a specified location to a
C ;specified location over a given length.
C

OADF' C HDWE: TF1G ;IS ThE SYSTh LOCKED ?
OADF' F 01 +
QAEI' A7 C+
OAE2' 07 C+
0AE3' F6 C SER ;IF SO, TYPE 7VE
0AE4' C3 OAEA' C Wf SM ;MESSAGE TMN FROM
OAE7' CO 08c6' C IR N ;FOR H= COMMM

C
0AEA' E7 C SPEC: SEX R7 ;Q1SWISE, RESET THE
0AEB' F8 FE C [DI OFE ;LOCK FLAG
oAPZ' k2 C AND
o07E' 57 C STR R7

C
C TYP O E ;PRC r FOR SOURCE

OAEF' D4 C+
OAF0' 0(XC C+
OAF2' 0444' C+
OAF4' 9C C+
OAF5' CA 0939' C

C CALL PIFUIN ;GET SOIRCE ADESS
OAFS' 4 C+
OAF9' 01EE6 C+
OAFB' 03DD' C IW FROM

C ERROR? ;LOOK FOR ERRORS
OAFD' 9C C+
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OAFE' CA 0939' C
C

0601' 8B C GL) RB ;PLAE SOURCE~ ADRES
0602' AA. C PLO RA ;IN RA
0803' 9B C GELL Kbi
0804' BA C PHI RA

C
C CALL PHMJ ;G~r DESTINTICN ADDRES

0805' D4 C
0606' 01E6'C
0608' 03E5' C NW TOl

C ERO?;LOOK R ERROS
060A' 9C C
0608' CA 0939' C+

C
OBOE' 8B C GLO Rs ;PLAE DESTINAICt ADRS
060F' AD C PLO RD ;IN RD
0810' 9B C GH RB
0611' BD C PHI RD

C
C CALL PHSO]N ;al BLOCI

0612' D)4C
OB13Y 0llV C
0615' 03EB' C NW OVER

C ERO? ;LOK FOR EROS
0817' 9C C
0618' CA 0939' C

C CALL ASKC ;ASK FINL~d PERMISSIM
0M1.' D4 C
OBiC' 0113' C+

C ERO?;LI FOR UART ERRRS
M6IE' 9C C

aBly' CA 0939' C+
0822' SC C GA) RC ;G~ ANSWER
0623' CA O8WD C LBNZ PRMUcT -I ~ N'Jr YSEr

C
0626' 4A C 1M7I: LJYA RA ;GEr A BYIE
0627' 5D) C STR RD ;STORE IT
0628' 1D C INC RD ;?MJ 70 NE~ TIN1MTICZ4
0829' 2B C DEC RB ;OMtW STORE CMiRATICKI
062W' 9B C GH RB ;TESTFORBLOM END
0628' CA06B26' C 1Rm mo J NTITTN
062E' 8B C GO RB ;QIcumm, O M=~I
082F' CA OB26' C LBtNZ MOMr
0632' CO O8ED' C LBR Prm~ ;Gr RMX OCO.ND

C

C INCLUDE ITIhE.@AC
C
C
C ITIhE.MiC
C
C
C
C + S~ N EDTE OIAECO

C
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C
C ;The response to a ?T command is to first disable
C ;further interrupts, then advance the dock. This
C ;"future" time is then typed and a flag is set for
C ;the interrupt service routine prior to re-enabling
C ;interrupts and executing an idle instruction.
C ;This flag will cause the interrupt routine to quickly
C ;exit rather than advancing the clock. The interrupt
C ;re-activates the system, and an @ is typed as an
C ;imnediate byte. This is the time tick.
C
C ;Define a byte of ram to be used as a flag word.
C ;Define the start of ASCII time message.
C

FF17 C TICK IZJ GUQ AL+7H ;TICK FIAG
FF18 C NX7M BU TICK+OIH ;ASCII HD

C
0635' E3 C UETIM: SEX R3 ;DISABLE IRRUPTS
0B36' 71 C DIS
0B37' 33 C DB 33H

C
C ;Advance clock by one minute and convert this "future"
C ;time to an ASCII message string.
C

0638' F8 17 C LDI LOW (TICK ;POINT O TICK FLAG
0B3A' A7 C PLO R7 ;USING RUISTE R7
0B3B' F8 01 C LDI 011 ;SET TICK FLAG
OB3D' 57 C STR R7

C CALL M1CLK ;ADVANCE TIME BY 1 MIN.
083E' D4 C+
0B3F' 0282' C+
0641' F8 18 C LDI LOW (TICK+l)
0B43' AA C PI RA
0B44' 97 C GHI R7 ;USING RA, POINT TO
0B45' BA C PHI RA ;ASCII HUNRDS OF DAYS
0646' F8 10 C LDI IW1 (HD) ;POINT AT 'TTRE' TIME
0B48' A7 C PLO R7 ;USING R7

C CALL MMA ;CVERT DAYS TO ASCII
0B49' D4 C+
0B4A' 0095' C+
0B4C' 03 C IB 03H
0B4D' F8 20 C LDI SPACE ;STORE A SPACE
OB4F' 5A C STR RA
OB50' IA C INC RA

C CALL UTOA ;oCCVEtT HUMS TO ASCII
0B51' D4 C+
0B52' 0095' C+
0B54' 02 C DB 021
0B55' F8 3A C LDI t:. ;STORE A SM CE N
0B57' 5A C STR RA
0658' IA C INC RA

C CALL IMA ;(NVERT MINS. TO ASCII
0B59' D4 C+
0B5A' 0095' C+
OB5C' 02 C I)B 02!
OB5D F8 7E C LDI STOP :'ORE A STOP CHARACTER
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OB5F' 5A C STR RA

C TYPMSG SPSP ;TYPE T7W SPACES

060' D4 C+
OB61' 0OB' C+
0B63' 03D3' C+
0B65' 9C C+
0B66' CA 0939' C+

C TYPMSG NTM ;W1T TIM AT NEXT 0
0869' D4 C+
0B6A' (X0B' C+
OBC' FF18 C+
OB6E' 9C C+
OB6F' CA 0939' C+

C TYPMS1G S=S
0B72' D4 C+
0B73' 00CB' C+
0B75' 044F' C+
0677' 9C C+
0B78' CA 0939' C+
0B7B' E3 c SEX R3 ;RESET IITMFT HARWARPE
0B7C' 65 C our aIN'T
067D' 00 C B 006
0B7E' 70 C RET ;ENABIZ WERRUJM
0B7F' 33 C 1)6 33H

C
OB80' 00 C ID ;GO T0OSLP

C
C TYPMSG AT ;SEND THE @

0B81' D4 C+
0B82' 00C' C+
0684' 0457' C+
0B86' 9C C+
0B87' CA 0939' C+
OBSA' C1 OF4B' C LBQ NSRS132 ;MfAU A ?f.0R2M OR
0B8D' CO 08ED' C LBR PrWT ;GET THE NEXT COMMD

C ;

C ;This is the respse to a !T comman. The action taken is
C ;to stop the clock, disable interrupts, and input time code.
C ;Once the time code is input its ASCII bias is removed, then
C ;the resulting digits are stored in RAM starting at "ED". When
C ;nine digits have been input, (seconds must be 00) the system
C ;waits for the @. Upou receiving an 0, the clock is allowed to
C ;run, interrupts are enabled, and a branch to CQDIN is executed.
C

OB90' E3 C II"IM: SEX R3 ;DISABLE INTERIS
0B91' 71 C DIS
0B92' 33 C IO 33H
0B93' F8 10 C LDI LOW (HD) ;POINT AT TIM DATA
0B95' AA C PIS RA
0B96' F8 FF C I HIGI (HD)
0B98' BA C PHI RA
0B99' F 07 C 1I 07H ;SET THE DIGIT OUNTE
0B9B' AD C 'fl RD ;FOR SEVEN DIGITS
OB9C' E3 C INTIM: SEX R3 ;STIOP THE CLOCK
0B9D' 64 C CUT STPCI(
0B9E' 00 C DB 00H
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C CALL IN31AR ;GET A CHARACTER
0B9F' D4 C+
OBA0' 0145' C+
O .2' 9C C GI RC ;MSK "#" BIT
0BA3' FA BF C AI OBH ;LOOK FOR 09T ER- S
OBA5' BC C PHI RC ;BRANCH MO ERVEIF
OBA6' CA 0939' C 3LNZ ERVEC ;M , OTHERWISE

C CALL A7Tf ;IS IT A HEXUMBER2
0A' D4 C+
OBAA' 0058' C+
OBAC' 9C C GRI RC ;IF NOT, GEr W1H
OBAD' CA OB9C' C LBNZ INTIl ;N .
%e0' 8C C GW C
081' FFAO C SKI 0E0 ;IS IT A D IAL UMBER ?
083' C3 0B9C' C L8F INTIM ;IF NOT, (= A lXWTR
0686' 8C C .O RC ;NU R. IF IT AS A
0687' FS C SR;EEML NMBEfR, HM1
06B8' F6 C SR ;IT70oTHE LIST
0989' F6 C SER ;SIGNFICANT HALFG
068A' F6 C SHR ;'ME homLuA~T MM
0988' 5A C SIR RA ;STOE IT.
01C' 1A C INC RA ;POINT M NEXr rDWAIC
0)W' 2 c W RD ;0OUNT THE OPERATIC
0BBE' 8D C G.O RD ;ENT= SEVEN DIGITS YET ?
OF' CA o09C' C UBNZ INTIM ;IF NOT M r N= UMBE
ofC2' E3 C AT?: SEX R3 ;OTEWISE, STP ThE CLOCK
OBC3' 64 C OUT STPCLK ;AGAIN AND BEGIN I NG
06C4' 00 C B oO ;FM 0

C CHAR? ;G~r A CMUWTER
c' D4 C+

0BC6' 0145' C+
0BC8' 9C C+
08C9' CA 0939' C+
0BCC' 8C C+
OBCD' FB 40 C RI ow ;IS IT AN W ?
oBCF' CA 0C2' C LiBZ AT? ;IF NOT 1W UKING
0BD2' 00 03BO' C IBR SAIL ;IF SO, DE-A3RWS

C

C INU0 RAMlST.MAC
C
C ; * RfMTMT.MAC *
C
C
C
C + TET AM OVR SP- AREA+
C
C
C ;The response to an "R" command is to first test the system
C ;flag, then, if this flag is set, to prowt for a start adress
C ;and block size. If the system flag was not set, exit and
C ;indicate an operator error since the memory was protected.
C ;After the start address and block size have been input, type
C ;"CK ? (YIN)". If the operator types a '' in respomse to this
C ;question proceed with the RAM TEST. Load the entire specified
C ;block of RAM with a randm number and verify a byte at a time.
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C ;Type the address of each compare failure and its XOR data.
C ;Repeat the tests changing the random nmber with each pass.
C ;Program will exit upon detecting a UMRT error, but since
C ;interrupts have been disabled, the system MST be reset.
C I

0BD5' C RAMTST: TYPMSG R11TS ;TYPE "am test"
OBD5' D4 C+
CO6' 00(B' C+
OBD8 ' 0596' C+
OBDA' 9C C+
OBMB' CA 0939' C+

C GEThL ;IS In SYSTh WcXM?
OBE' n 01 C+
0BE' A7 C+
OBEI' 07 C+
0EE2' F6 C S IF SO, Y1PE E
0BE3' C3 0BE9' C LBF RSPEC ;IMSAGE MDP 4PT
OBE' CD 08C6' C I.R NOM ;O17ERWISE, RET T1E
0BE9' E? C RSPEC: SE! R7 ;SYSTKi C Fi
06W' F8 E C WYI CM
OBir' F2 C AND
06W' 57 C M R7 ;MN PROPT R

C CALL GE2HX ;START ADDS AND BC SIZE
OBEE' D4 C+
QBEF4 023C' +

C RROR? ;REC TO ER S
OBF1' 9C C+
OBF2' CA 0939' c+
OBSF' 9A C GI RA ;SAVE START ADRESS
OBF6' B8 C PHI R8 ;USING RIS'1RR8
0BF7' 8A C Qfo RA
OBF8' A8 C PLO R8
0BF9' 9B C o R8 ;SAVE BLOXS
OBFA' B9 C PE R9 ;USGRIXTS R9
OBS' 88 C GLO RB
OBFC' A9 C PLO R9

C CALL ASO ;ASK FINAL PEISSMCU
OB' D4 C+
IME' 0113' C+

C ERROR? ;RC TO UART ERRORS
0000' 9C C+
oc01' CA 0939' C+
0C04' 8C C QO RC ;GETIASWER
005' CA 08E' C LM prm ;EXIT IF NOT YES

C TYPMSG a1 ; OII , TYPE A CRAF
0008' D4 C+
0009' 00(0' C+
OCOB' 03D0' C+
000D' 9C C+
OCOE' CA 0939' C+
oc11' E3 C SEX R3 ;DISABLE InVJdM
0C12' 71 C DIS ;TO S'P THE CLOCK

C13 33 C B 33H ;AND FALSE RAM ERS
0C14' F8 73 C LDI 73H ;AND SET RANDOM KEY =
0C16' BF C PHI RF ; 01110011
0C17' F8 OC' C LDI HIGH (LDRE)
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0C19' BO C PHI RO ;SET UP R0 TO BE A
0C1A' F8 27' C LDI MW (LDRDGS)
0CIC' AO C PIO RO ; SBRUINE POIER.
OCID' F OC C LDI HIGH (RAND)
OC1F' BE C PHI RE ;SET UP RE O BE A
0C20' F8 35' C LDI LOW (RAND)
CC22' AE C PLO RE ;UBRINE POINTER
0C23' CO OC5C' C LBR NCYCLE ;EECU RAM TEST

C
C ;this is a subroutine which will load the next random
C ;key to the high half of register RD, the start adress
C ;to register RA, and the block size to register RE.
C ;Using a suboutine here slows executiou, but saves PFM.
C

0C26' D3 C LIM: SEP R3 ;BA(X 7 RAM 7T
0C27' 9F C ILM: GE RI ;GET NEW KEY
0C28' ED C PI RD ;PASS M RD
0C29' 98 C GHI RS ;GET SEAT ALFS
OC2A' BA C PHI HA
0C2B' 88 C GO R8 ;PASS 70 RA
OC2C' AA C PI RA
OC2D' 99 C G4I R9 ;GET BL SIM
OC2E' BB C PHI RB
oC2F' 89 c G. R9 ;PASS 7O RB
0C30' AB C PI RB
0C31' CO 0C26' C BR LTP ;REIM

C
C ;This is a subramtine which will return with a rao
C- ;number in the high half of register RD. The random
C ;nnber is geerated by right shifting the mdulo 2 sum
C ;of bits 0,2,3,and 4 to bit 7.
c

0C34' D3 C R1TM: SEP R3 ;BA(X 70 RAM TEST
0C35' FB 00 C RAND: LDI 0O ;KEY IS IN RD HIGH
0C37' AD C PMO RD
0C38' 9D C GHI RD ;SET TO FFH IF KEY
0C39' CA OC3F' C LBM OCE00 ;IS 1M L TO 00
OC3C' F8 FF C LDI OFTO
OC3E' BD C PHI RD
OC3F' F6 C CNN00: SHR ;TEST BIT 1
0C40' ( OC44' C LN cm ;AIM (NE IF SET
0C43' ID C D RD
0C44' F C CMO: SHR ;SKIP BIT 1
0C45' F6 C SHR ;TEST BIT 2
0C46' CB 0C4A' C BW (tM02 ;AID ONE IF SET
0C49' ID C DIC RD
OC4A' F6 C CtMJ22: SHR ;TEST BIT 3
OC4B' ( OC4F' C LBW CNo3 ;ADD NE IF SET
OC4E' 1D C INC RD
OC4F' F6 C CNN03: SHR ;TEST BIT 4
OC50' ,3 0C54' C LBNF CNO4 ;AIM CNE IF SET
0C53' ID C INC RD
0C54' 8D C CM04: GO RD ;GET RESULT OF SUM
0C55' F6 C SHP
OC56' 9D C (GI RD ;SHIFT IT TO RD HIGH
0C57' 76 C RSR
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O58' BD C PHI RD
0C59' CO 0C34' C LBR R0P ;RE JR

C
OC5C' DO C NCYCE: SEP RO ;LLAD REGISIURS
0C5D' DE C WRIT!E: SEP RE ;GE2IERATE A RANDOM U MR
0c5E' 9D) C GUI RD ;AND
OC!5F' 5A C SIX RA ;S7ORE IT

-0C60' 1A C INC RA ;MOVE POIRMI
0C61' 2B C DEC RB ;CO= OPEATION~

0C62' 9B C GU RB ;(XINUKE URMTI
0063 ' CA OC5D' C I=1 WRITE ;SPCIM~ BIA=

0C66' 8B C QID RB ;IS LOAMWITH
0C67' CA OC5D' C LI=Z VRIT ;RANDOIM NUMIBERS
OC6A' DO C VERIFY: SEP RO ;RESPr AIL REGISTERS
OC6B* LE C VERCYC: SEP RE ;GENERM A RANDOMt NIMI
OC6C' 9D) C GBI RD ;aOIPARE 1'? WI= RAN DMa

0C6D' EA C SEX RA ;IF DIFFERENT HBEIS
QC6E' F3 C M ;MN ERO
Oc6!' CA Oc8D' c iaz Wim R
0C72' I.A C KnflL : INC Rh ;mmE POINTR

0C73' 2B C D RB ;,COUNT OPATICK
0C74' 9B C GHI RB C~t11 UTItfLi
0C75' CA Oc6B' C IMf VERCYC ;AIL SPlCIM RAM

0C78' 8B C GLO RB ;HAS BEEN EWUD)
0C79' CA 006B' C iarZ VERCYC

C TYP!ISG ASTK ;TYPE AN *ATED OF PASS
OC7C' D)4C
OC7D' meCmC
0C7F' 0594' C+
oc~l' 9C C
0C82' CA 0939' C
0C85' 9F C GUI RE ;GQTLAST KEY
0C86' ED C PHI RD ;RANDCl42E IT

0C87' DE C SEP RE ;THE RESLT
oc88' 9D c GE RD ;BBECOE NEW KEY
0C89' BF C PKI RE
OC8A' CO OC5C' C iaa NCYCIE ;MAUE ANOTHER PASS
OCBD' AD C WRERR: PLO RD ;SAVE REJJJT OFNO

C TYPMSG CR"S ;IMJ 70 NX LIM
OC8E' D4 C
OC8F' 00CB' C+
0C91' 03D)6' r
0C93' 9C C
0C94' CA 0939' C
0C9'7' 9A C GHI Rh ;TYPE CURRNTADRES
0C98' AC C PLO RC

C CALL TYPBl ;HIGH BYTE
0C99' D)4C
OC9A' 021F' C

C ERR ;RE7ACr TO UART ERRORS
OC9C' 9c C
0C9D' CA 093' C
OCAO' 8A C GfLO Rh
OC21' AC C PLO RIC

C CAIL TYPEC ;AND LOW BYTE
OCA2 D4 C
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OCAV 021F' C+
C ERROR? ;REACT TO RIRORS

OCAS' 9C C+
OCA6 CA 0939' C+

C TYPSG SPSP ;TYPE 7W SPACES AND
0CA9' D4 C+
OCAA' 000. C+
OCAC' 03D3' C+
OCAE' 9C C+
OCAF' CA 0939' C+
OCB2' 8D C GQI RD ;THE RESULT O THE XOR
0(33' AC C PLO RC

C CALL TYPEC
OC4' D4 C+
0 '5 021f' Ci

C ER? ;RFMCr O UART EROS
0C7' 9C C+

C38' CA 0939' C+
0 ' CD OC72' C IR NXIC :IEST THE M= IOCMTION

C

C INCWDE ISCJL.MAC
C

C
C * SCUL.MAC *
C
C
C
C ; + SEt THE ]1T1IJ(C SCHEIE +
C
C
C ;Ibis block of code will set the operating schedule
C ;of the interrogator. Tfo parameters are set via prcapts,
C ;the start time, and the masuremnt interval.
C
C ;Define decimal and ASCII start tims in RAM
C

FF30 C DSHD MU UM AL+30H
FF36 C DK EJ DSM)+06H
FF38 C ASHD EQU G WAL+38H
FF3C C ASM BQU ASHD4O4H
FF3F C ASTH EJ ASTH+03H
FM3E C ASUI EQU ASHD+06H

C
C ;Define decimal and ASCII measurement interval in RAM
C

FF45 C DIRK EJ G.LALM5H
FF4A C AIM EQ. DIHM4OH

C
C ;Define a location in ram to hold the hex equivalent
C ;of the measurement interval.
C

FF24 C HEM EJ GQLBAL+24H
C
C -Define another locatic for the number of minutes
C ;in hex to the next measurement. This number is only
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C ;valid if the sdiedule is active.
C

FF26 C KINOW F7a3 HEMI+2
C

OCBEI FS 36 C LDSCED: LDI LowJ (DSU() ;POINT AT SUMR TIME
OCCO' A7 C PLO R7 ;AND L*MD ZEROS
OcC' 97 C SEXC R7

-Occ2' F8 00 C LDI OOH
0O04' 73 C STXD
OCc' 73 C Sm1
0006' 73 C SrXD
OCC7' 73 C s
OCI8' 73 C SX
0OC9' 73 C s'1
002'1 57 C STR R7 ;R7 UaS PODING, TO SME
0OC' FS 43 C Wi uN (0OFW) ;MM SHEDLE

OOM' A7 C PIO R7 ;BY LIDING ZERO
OCC' F8 00 C W~I 00 ;70 OTH1!HALVES CF
0030' 57 C S1R R7 ;FTE0 Lr
0031' 17 C INC R7
0032' 57 C STR R7

C '1YPMSG STDAY ;PROM" FOR STAR DAY
0033' D4 C+
0034' 00CB C+
0036' 0465' C
0038' 9C C+
0039' CA 0939' C

C CALL IBMF ;GET STIR DAY AND
OCDC' D4 C
OCX)' 0196' C+
0MF' FY32 C DN DSHD+2 ;S'TORE
OCEl , 03 C DB 03H ; (TREEDIGfl')
0=1 9C C GHI RC ;l.= FIOR EBRS
OCE3' FA FE C ANI OFEH ;!QkSK WZ-D(QL UT
0M' CAL 0939' C L13M F2RVFX ;M ' ON ERRO
0MB' 8C C GM RC ;1T EORSPACE

OE FB 20 C mI SPACE ;01NTM1 IF MMI~
0E' CA, 08F9' C IM~ EuRR ;OE16WSE,DMCDIE ERO

C 'YMW S1OJR ;PRCPT FOR~ STR HOUR
OCEE' D4 C+
OC, 00CB' C
OCF1' 0478' C+
OCF3' 9C C+
OCF*4' CA 0939' C

C CALL INMC ;G~r START HOUR AND
OC 0 4 C

OCF8' 0196' C+
OCFA' FY34 C DW DSHDI44 ;STOlRE
OcCC 02 C mS 02H ; (TWO DIGITS)
0cn' 9C C G6 C;LOK FI UART ERRRS
0CFE' FA FE C ANI OFEH ;BY MASKING N3?4-DINM
ODOO' CA 0939' C iarZ ERVE) ;EXIT IF MMII
0D03' 8C C Q.O RC ;= EM A SPACE
01)04' FB 20 C XRI SPACE ;CONTINUE IF FUJI
01)06' CA 08F9' C 1UtM FRIKUr ;MTHRWSE INDICA'E ERROR~

C T'IPNSG, STKIN ; PFUTr FOR START KMITE
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0D09' D4 C+
ODOA' C' C+
ODOC' 0482' C+
ODOE' 9C C+
ODOF' CA 0939' C+

C CALL INDEIC ;GET STAR MTI E AND

0D12' D4 C+
013' 0196' C+
0D15' FF36 C DW DSHD+6 ;STORE
OD17' 02 C DB 02H ;TWO DIGIT
0D18' 9C C GKI RC ;=EL( FOR IART ERRORS

01)19' FA FE C ANI OFE ;MASK NO-DEM91 FLAG
ODIB' CA 0939' C UBM tC ;EXT RO

ODIE' 8C C G1 RC ;=* FMR

0D1F' FB 20 C XRI SPACE ;A SPACE
OD21' C2 0D2' C LBZ IKINTw ;IF mw O '1D

0D24' 8C C GD RC ;O WISE IDCK R0R A

025' FB OD C XRI C ;CARRIA(REM
01)27' CA 08F9' C LM r ;EROR IF NOT MM

C
C ;Start date and tie are now in RAM. Measurement
C ;interval is next prompted for, input, conwerted

C ;to hex, and stored in two locations.
c

oD2A' c INNINT: TYPM5G MEAINT ;PRO1PT FR MEAS. INT.
0D2A' D4 C+
OD2B' OOC(' C+
0D2D' 048E' C+
OD2F' 9C C+
OD30' CA 0939' C+

C CALL INI ;(GT M EA lT I1Y XAM

0D33' I) C+
0D34' 0196' C+
01)36' FY47 C NW DIBH+2 ;AND STORE

01)38' 03 C IS 03H ; (THE DIGITS)
0G39' 9C c GE Rc ;IOK FOR UART RS
0D3A' FA FE C ANI 0FM ;AND E IF FMW
0D3C' CA 0939' C U3M EVFE ;INDICATE AN -

0D3F' 8C C GO RC ;LOOK FOR A SPACE
01O40' FB 20 C XRI SPACE ;C(NUE IF M1141
01)42' C2 OME' C I3Z BCHEX ;OTEWISE,
0D45' 8C C GO) RC ;LDIK FORA
01)46' EBOD c XRI CR ;CARRIAGE REIRN
01)48' C2 OD4E' C LBZ BCDWEX ;(CXT. IF FaJMD, OTEWISE

OD4B' CO 089' C LBR ERRCUT ;INDICATE AN OPIRATOR FROR

OWE' E7 C BCDM: SEX R7 ;POINT AT EEC. INT. U.M.

0DF' FS 47 C I iM (DIHM+2)
OD51' A7 C PLO R7 ;XONVET MEASMRU2
01)52' F 00 C LDI 00H ;Dr&;N% 7 HEX

0D54' AA C PLO RA
01)55' BA C PHI RA ;ZERO REGISTE RA
0D56' 07 C LEN R7 ;GET UNTMS DIGIT
0D57' AA C PLO RA
01)58' 27 c DEC R7 ;POINT AT TENS DIGIT

0D59' 07 C LDN R7 ; SET ADD COUNTER
ODSA' AC C PIO RC ;AND TMT FOR ZERO
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OD5B' C2 0D67' C LBZ AD100 ;ADVANCE IF ZERO
0D5E' BA C ADIO: (nLO RA ;OTHERWISE, A1D0AH
OD5F' FC OA C AVi QAM ;M ACCUMTJIORtf
01)61' AA C Pin RA
01)62' 2C C DEC RC ;COUNT OPEATIONf
01)63' 8C C Gfl RC
01)64' CA OD5E' C IBN AD10 ;CONTINUE TBlL ZERO
-0167' 27 C AD100: DEC R7 ;POINTAT HUNREDIS DIGIT
OD68' 07 C LDK R7 ;SE~T AMCOUNTR
01)69' AC C PLO RC
OD6A' C2 OD7A' C LBZ BII1XtE ;IF ZERO) 03WW~ IS DONIE
01)61) BA C NXTAD1): Q.O RA ;O1BFXWISE, AM) 64Hf
ODGE' PC 64 C ADI 64Hf ;TIO ACCUMUIAM
01)70' AA C PLO RA
01)71' 9A C BB A
01)72' 7C 00 C IiDC1 00H ;INC=I CARPRY BIT
01)74' BA C FI RA
01)75' 2C C DW RC ;COUNT MRATICN
0176' 8C C GM) RC
01)77' CA 01)61' C IBM~f NThI ;C1TMU T'ILL ZEO
OD7A' P8 27 C BliDCNE: WDI LOW1 OOMM+1)
O1)7C' A7 C PLO R7 ;SM RtESU~LT CF
0D7D' BA C Q42 RA ;COWEVRT AT MMl~
0D7E' 73 C S'IXD
01)7F' 9A C GH FA
01)80' 73 C S'IXD
01)81' BA C QED BA ;AND AT HEM~
01)82' 73 C smX
01)83' 9A C BR A
0184' 57 C 57f R7
01)85' BA C (10 RA ;TEST RELT ANDIF
0186' FT 03 C S4I 03ff ;NOT GRETE THAN
01)88' 9A C GEL BA ;2 TMPAN RO
01)89' 7F 00 C S4BI 00Hf ;FMhSSAGE, OTHERWISE,
OD8B' C3 OD9A' C M~F SEM7D ;SEr ADD1RSS P0ThTM

C TYPNSG MDUN
0D8E' D)4C
01)8F O0OCBC
01)91' 0535' C
01)93' 9C C
01)94' CA 0939' C+
01)97' CO 01)2A' C LBR M#mT

C
C ;Set the data address pointer to its first locationi
C

01)9A' F8 OF C SEWA: WDI L0J (STRADD1)
01)9C' A7 C PLO R7
01)91' F8 00 C 1,D 00Of ;S1tE ADRESS OF
OD9F' 73 C STXD ;FI~rS DATA BYTE
01)AO' P8 10 C LDI 10H
0DA2' 57 C STR R7

C TYPHSG SPSP ;ASK IF THIS SCHEUL IS OK
01A3' D)4 C+
0DA4' 00CB' C
0DA6' 03D)3' C
01)A8' 9C C
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0DA9' CA 0939' C

C TYPTMSG c4C?

ODAC' D)4C
M. ])OCB C+~

ODAF' 0423' C+
ODB' 9C C
ODB2' CA 0939' C

C CHAR? ;G~r REFOtJSE
0DB5' D)4C
0186' 0145' C
0M18 9C C
ODB9' CA 0939' C
018C 8C C
018D' FB 59 C XRT MpY"J IT YS?

ODBF' CA ODXB' C 123 DE7ARM ;IF N~rEXI
0DC2' F8 43 C WIl 110w (GOEW) MO~ISEM, ARK
0VC4' A? C PLO R7 MTE SEULR
0DC5' R AA C LDI 0MBH ;BY SrTMI I AL
ODC7' 57 C S'1R R7 ;GD FLG TMN

OflC8' CD O8ED' C LBR PM ;GM NEX OM~~
0DIB' n8 43 C DEARM: WDI 11CM (GOEG) ;AKSM~ VAS W~r
0DCMV A7 C PLO R7 ;YES, SO RET
ODCE' FS 00 C WDI OOH ;GOFLAGOAND EXT

ODD0' 57 C STR R7
0IM1 17 C NC R7
OD1)2' 57 C STR R7
ODD13' 00 08EID' C 1.BR PRMOCUT

C
C MTe respose to a ?S ommand~ is to onivert the
C ;start time and transmissic2 interval. to an ASCI
C ;messae string, typ the message, and returii to 0M11.
C

OMf6' n8 30 C QYSCID:WDI UNJ (DSHD) ;C14YE1' SrAR TIM
01)18' A7 C! PLO R7 ;TO ~ASCII
ODD9' F8 38 C WDI LOWJ (ASH!)) ;S'1M AT ASH!)
OMDB' AA C PLO RA ;USIMGRA AS A POIN
ODDC' 97 C GBI R7
0DDD' BA C PHI RA

C CALL MM~ ;(XiVERT DAYS
0DD' D)4C
OMr' 0095' C
01)M' 03 C DB 03H
0tM' F8 7E C WDI STOP ;SM ~A STO
OtE4' 5A C STR RA ;BENAM DAYS AND)
01)5' 1A C Thc RA ;HOURS

C CAML DYTOA ;Q)1IVERT HOUIRS
01)E6' D)4 C4-
ODE' 0095' C
ODE9' 02 C lB 02H
0tE7C F8 7E C LDI STOP ;SM ~A S"
01)EV 5A C STR RA ; BE7VM HURS
OMF~' 1A C INC RA ;AND MINI71S

C CALL 1)TO ;O4VRT MaNIA'S
ODEE' D)4 C+
0DEF" 0095' C
ODF1' 02 C DB 02H1
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0DF2' F8 7E C LI STOP ;STORE A S'OP
ODF4' 5A C SIR RA ;BETWE NUTE
ODFS' 1A C INC RA ;AD TRAN. INT.
ODF6' F8 45 C IDI LLW (DIMH) ;CONVERT TANS. INT.
ODFS' A7 C PLO R7 ;AND SIC4RE AT AIhM
0DF9' F8 4A C LDI LcW (AIHM) ;USING RA AS A POINTI
ODFB' AA C PLO RA

C CALL MTOA ;ONVE TRANSMISSIO
ODFC' D4 C+
ODFD' 0095' C+
0DFF' 03 C DB 03H ;IN11VAL 10 ASCII
0W00' F8 7E C LDI STOP ;SMT1E MESSAGE
0E02' 5A C STR RA ;TERIATICN CHARACTER.

C
C ;Type crreut time.
C
C TYfPMSG SPSP ;TYPE TWO SPAM

0ED3' D4 C+
0 l4' (OC' C+
OE06' 03D3' C+
0108' 9C C+
0E0)9' CA 0939' C+
OWC' F8 18 C LDI IOW (TICK+l)
OEOE' AA C PID RA ;OONVERT TIME 70 AC
0EOF' 97 C G4I R7 ;USING RA AS A POINTER
OE0' BA C PHI RA
OEII' F8 10 C [DI LW (HD)
0E13' A7 C PI R7

C CALL MIM ;OCNVERT DAYS
0E14' D4 C+
0E15' 0095' C+
OE17' 03 C DB 03H
0E18' F 20 C LDI SPACE
0ELA' 5A C SIR RA
0EB' 1A C INC RA

C CALL M M ; CONVERT HOURS
OElC' D4 C+
OlD' 0095' C+
OElF' 02 C IB 02H
0E20' F8 3A C WI ":o

0E22' 5A C STR RA
0E23' 1A C DIC RA

C CALL DIOA ;ONVER MITJT1
0E24' D4 C+
0E25' 0095' C+
0E27' 02 C EB 02H
0E28' F7E C LDI s'I
OE21' 5A C SIR RA

C TYPKSG SAT ;SAY AT
0E2B' D4 C+
OE2C' 0(B' C+
OE2E' 058C' C+
OE30' 9C C+
0E31' CA 0939' C+

C TYPMSG NXTM ;TYPE TIME
0E34' D4 C+
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0E35' OOB' C

0E37' FF18 C
0E39' 9C C
OE3A' CA 0939' C+

C 7YPMSG STDAY ;TYPE CAUREI SCHEDLE
OE3D' D4 C
OE3E' OOCBwC
0E4.0' 0465' C+-
0!42' 9C C
0E43' CA 0939' C4-

c TYPMSG ASH
0E46' 04 C
OE47q IMc' C
0E49' FF38 C
OEAB' 9C C
OE4C' CA 0939' C

C TYPMSG STHOUR
OE4F' D4 C+
0E50' (()Mt C
0E52' 0478' C
0E54' 9C C

E5' CA 0939' C+
C TYPMSG ASre

0E58' D4 C
0E59' OOCB' C
0E5B' P73C C
0!5D' 9C C
0E5E' CA 0939' C+

C TYPNsG STM
0E61' D4 C
0E62' OOCB' C
0E64' 0482' C
0E66' 9C C
0E67' C7L0939' C

C TYP1SG ASTfl
OE6A' D4 C
omfB ()(CBI C
OEWD FT3F C
0E6F' 9C C
0E70' CA 0939' C+

C TYPMSG !lMMl
0E73' D4 C
0E74f 0"@ C+
OE76' 048E' C
0E78' 9C C
0E79' CA 0939' C

C TYPMSG AIHM
OE7C' D4 C
Ome7 Im0 C
OE7F' FF4A C
0E81' 9C C
0E82' CA 0939' C

C TVPHSG SCUMfS
0E85 D4 C
0E86' 00B' C
0E88' 04B3' C
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OE8A' 9C C
OE8B' CA 0939' C
0E8E' n 43 C W~I L0M (CX)FLS)
0E90' A7 C PLO R7 ;IOFLUAGISSET
0MW1 47 C WDA R7 ;SAY A=V, AND
0E92' PB AA C XRI 0MMH ;INDICATE THE NLPMBR
0E94' CA OEF9' C LBN SNAR ;OF MR;=F TO) THE NEX

- 97' 07 C Lfff R7 ;ffEASLRlENT'I, OTHERWISE
0E98' PB AA C XRI 0MMH ;TYPE TRE CURRENT
OE9A' CA OPOS' C tawM SAR34I ; SYSTM STATUS AND EXIT

C TYPMSG ACI'IV
OE9D' D4 C
M~E' 00OB' C

0!7o0 04"4' C+
0Emt2 9C C
MAY3 CA 0939' C
OEM'6 FS 26 C WDI 1sDw (KDNM)
0!7i8' A7 C PTA) R7 ;E E TV
OfEi9' 47 C WDA R7
0EAA' BA C PHI RA ;AND PAEIN RA
OEAB' 07 C imN R7
OEAX' AA C PLO RA
OEA.D' 9A C GHI RA
OEAE' AC C PID RC

C CALL TYPEO ;TYPE HI BiT
OEAF' D4 C4-
0ED0' 021F' C+

c EROR ;REACT 0 ERRORS

0EB2' 9C C
OEB3' CA 0939' C4-
OEB6' 8A C GID MA ;CET HEX MIIM LO
0B7' AC C PLO PC

C CALL TI'PE ;TYPE In BYTE
OEB8' D4 C
OEB9' 021' C

C EROR ;REACT 0 ERROS

OEBB' 9C C
0EBC' CA (7939' C

C TYPMSG MOMR
OEBF' D4 C
0=1O OOCB# C
OEM2' 00D1' C
!E4' 9C C

0DC5' CA 0939' C+
C TYPMSG PNMh ;IN4DICATE POIN'1i M1CATIOt4

OC8' D4 C
OEM I 00OB, C
0Um' 0504'C
O!EM, 9C C

IDC' CA 0939' C
OEZDl' F8 OE C WDI LowJ (STRMD)
0!D3' A7 C Pin R7
0ED4' 47 C WJA R7 ;GET' CURRENT MORE ADDRS
OFI)5' BA C PHI RA
0l)6' 07 C imN R7
0ED7' AA C Pin RA
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OED8S 9A C (All RA
0ED9' AC C PU)O RC

1C CAIL TYPE ;TYPE HI BVTE
OEDI' D4 C
OEIB' 021F'C

C ERROR~? ;REACT TO ERRORS
0EDD' 9C C

-OEDE' CA 0939' C
0EE1' &A C GLO RA
OFZ21 Ac C PLJO RC

C CAII TYPEC ;TYPE LO YT
0EE31 D4 C4-
(AE41 021 C

C EE ?;REcr TO ERRRS
OE6' 9C C
GEE7* CA 0939' C
OEU' 00 08ED' C LBR PMM~J ;G7I' Mw~ ON=W

OEIC SAYflL: TYPMSG IDL& ;GO FLAG NOTr SE
am, D4 C
0=1 ooac C
M-O'' O4FE' C

OEF2' 9C C
OE73' CA 0939' C
OEE'6' CO 08ED' C LBR ProX4T ;SAY M~t AN~D EXT
0o9' C SNR1: TYPMSG N3M ;SAY NOT AR2M
0FEi' D)4C
0(Ml 00GB' C
OEFC' 0582' C+
OEFE' 9C C
OEFF' CA 0939' C
0F02' CO 08123' C LBR PRHOUT ;AND) EXIT
OEM$' C SARM: TYPMSG ARMIIL ;SAY ARME) BUT IME
OFS' D4 C
0)F06 (0=B C+
OEM8 05lo@DC
0F0A' 9C C
OEM' CA 0939' C
OFOE' Co 0812Y C taR pram7 ;AND EaT

C
C ;The respmse to a "!nLEN oarmal is to test the go
C ;f lag ad iset, reset it. Ifthego fagis aleady
C ;reset, the message "Sd~eduler was NT#~ active !!" winl be
C ;sent.
C

Onl' F8 43 C GMIV: LDI low (Gn)
OE13V A7 C PLAO R7 ;E 0FA
OF141 07 C UNX R7 ;ISIT SET ?
0F15' Th AA C XRI OAAH ;IFSORESET IT
011 CA 0129' C iarz SAYMN1' ;OTHEWISE TUIE
OFl n 00 C WDI 00B ;NOT' ACTIVE MESSAGE
OniC' 57 C STR R7 ;RFETrHI ANID A
OFlD' 17 C INC R7 ;CF 00 FAG
OFlE' 57 C STR R7ME

C TYPMSG OK( ;SAY O AM GE
011' D)4C
10m2, 100, C+
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0F22 041F' C+
0F24' 9C C+
OF25' CA 0939' C+
0F28' CO 08M2' C LIBR PRMO ;NEX!T OMM
OF2B C SAYNOT: TYPSG NOTCr ;FLAG WAS NOT SEr
OF2B' D4 C+
OF2C' 0CB' C+
F2E' 0516' C+

0F30' 9C C+
0F31' CA 0939' C+
0F34' CO 081D' C IR PEI= ;GT NET =C3 D

C
C ;The respcmse to a "!PING' comand is to first ask 'CK ?"
C ;and if a "' is the answer to trigger the pinger. Any other
C ;answer will cause an exit to 0MID.
C

0F37' C VXUIT: CAL ASEK ;ASK PERKISSIO
0F37' D4 C+
0F38' 0113' c

C ERROR? ;R r 70 UM ERS
OF3A' 9C C+
OF3B' CA 0939' C+
OF3E' 8C C GM RC ;IS IT YES ?
0F3F' CA 08ED' C IaZ PR ;IF r EXIT
0F42' E3 C SEX R3
0F43' 63 C CUT PING ;SEND PING
0F44' 00 C DB OOH
0F45' CO 081D' C LBR PRBOr ;GET NEXT QHHM

C

C
C *MAIN.MAC*

C
C
C
C ;+ THIS IS THE IT 0M MAIN PROGRM +
C
C
C ;Define the locaticas in RAM which hold the current
C ;data address.
C

FME C STRAIM EQ QL BAb+0M ;STME AMRES POINTR
C
C ;if Q is set it is time to begin a measuremt sequence.
C

0F48' C9 OFFT' C MAIN: LBM SfTDVN ;SHN DOW IF NO Q
C
C ;This is the measurement sequee. Since it is apprxmtely
C *ae minute before the PIG, enable interrupts to keep the
C ;clock runming and stop processinq fnr one minute.
C

0F4B' 7A C MSRSM: RM2 ;INSRE THAT Q IS RE'r
OF4C' F8 17 C WDI W, (TICK) ;RESET THE TICK FLAG
OF4E' A7 C TL R7

OF4F' F8 O0 C LDI OOH
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OFS1' 57 C STR R7
0F52' E3 C SEX R3
0F53' 65 C our (uINT ;RESET INIUPr
0F54' 00 C DB 00H ;HARWARE AND INSURE
0F55' F8 62' C ,DI LOW (INTIPT)
0F57' Al C PLO RI ;THAT RI IS POINTING
0F58' 8 03' C LDI HIGH (INTRPT)
OF5A' B1 C PHI R1 ;AT INRUPT BEFORE.
OF5B' 70 C RET ;TERUfW ARE EN ,ED.
OFSC' 33 C DB 33H

C CALL DMLAY ;CL= CAL. OCKSTAff IS
OFSD' D4 C+
OFSE' 00A2' +
0F60' 067D C DN 067DH ;200 mS. (OSC. START UP)
0F62' 00 C ID ;WAIT ONE MINUTE

C
C ;Restore measurement interval omunter to its original value
C

0F63' F8 26 C RSIMI: LDI 10w (KMrn
0F65' A7 C PLO R7
0F66' "8 24 C LDI LOW (HEM)
OF68' AA C PLO RA ;POINT AT MEAS. MNT.
0F69' 97 C GHI R7 ;USING RA A
OF6A' BA C PHI RA ;TE POINTER
OF6B' 4A C WbA RA ;GET OLD VAUE
OF6C' 57 C SMR R7 ;AND IDUPLICATE IT
0F6D' 17 C INC R7 ;AT MIUMW
OFE' OA C LEN RA
OF6F' 57 C STR R7

C
C ;Comvert current time to time code and store.
C!

0F70' '8 14 C LDI LOW ([D+4) ;POINT AT UNITS CF HOURS
0F72' A7 C PLO R7
0F73 07 C LEN R7 ;GET UNITS OF HOURS
0F74' AB C PLO RB

C CALL RSB2A ;SHIFT 4 BITS T RA
OF75' D4 C+
0F76' 00B7' C+
0F78' 04 C DB 04H
0F79' 27 C DEC R7 ;GET TNS OF HOJRS
OF7A' 07 C LN R7
O7B' AB C PLO RB

C CALL RSB2A ;SHIFT 2 BITS TO RA
OF7C' D4 C+
OiD' 00B7' C+
OF7F' 02 C DB 02H1
OF80' 27 C DEC R7 ;GET UNITS OF DAYS
0F81' 07 C 1LM R7
0F82' AB C PL0 RB

C CALL RSB2A ;SHIFT 4 BITS To RA
0F83' D4 C+
084' 0067' C+
086' 04 C DB 04H
0M87' 27 C DEC A- =-r TIS UI" DAYS
0F88' 07 C DN R7
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OF89' AB C PLO RB
C CALL RSB2A ;SHMIT 4 BITS TO RA

OFSA' D4 C+
0F8B' 00B7' C+
OFD' 04 C DB 04H
OFE' 27 C DEC R7 ;GET HUNDREDS OF DAYS
OFSF' 07 C LDN R7

-0F0' AB C PLO RB
C CALL RSB2A ;SIFT 2 BITS TO RA

OF91' D4 C+
0F92' 07' C+
0F94' 02 C _1 02H
0F95' 8A C GQO RA ;GET L0W BYTE
0F96' AF C PLO RF ;SAVE IT
OF97' 9A C G RA ;mt HI BYME
0F98' BF C PHI RF ;SAVE IT

C
C ;This is the measuremet sequence. RA, RB, and RC are
C ;used as travel time omters for Fl, F2, and F3. RD is
C ;used as a time out oumter. The measurement sequence will
C ;terminate when a reply from all three transponders has been
C ;received, or RD rolls over to 0000. Since the counters are
C ;incremented at a 4 kHz rate, the maximn measurmet time
C ;will not exceed 16.4 seconds.
C

0F99' F8 00 C SNDPN: LDI 00 ;RESET AIL C11RS
0FB' AA C PID RA
OF9C' BA C PHI RA
OF9D' AB C PLO RB
OF9E' BB C PHI RB
OF9F' AC C PLO RC
0FAO' BC C PHI RC
OFAI' AD C PLO RD
OFA2' BD C PHI RD
OFA3' C4 C NOP
OFA4' C4 C Ni ;?ME PROG POINTR
OFA5' C4 C N ; OF LAST PAGE.
OFA6' C4 C NY

C
C ;Wait for the leading edge of the 4 kz timing signal.
C

0FA7 3F A7' C WAIO: BK4 wm
OFAg 37 A9' C WAIT: B4 VAIT
0FAB' E3 C SE R3
OFAC' 63 C our PING ;PING
OFAD' 00 C DB OOH

C
OFAE' 3F AE' C WO: BK4 Wo ;WAIT FR THE NE
OFBO' 37 BO' C Wl: B4 H1 ;RISING EDGE OF 4 KHZ
OFB2' 11 C IN RD ;COUT IT

C
C ;Begin looking for reply to ping, and incrementing comters
C ;if the reply is not detected.
C

OFB3' 34 B6' C Bl TEST2 ;INC1U2 r COMMT' IF
OFB5' 1A C INC RA ;NO RECTICN, OTHERWISE
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OFB6' 35 B9* C TEST2: B2 TEST3 ;SKIP D NIXT TEST
OFBS' IB C INC RB
0FB9' 36 BC' C TFST3: B3 TESTRD
OFBB iC C INC RC
OFBC' 8D C TESTRD: GED RD ;IF RD IS NOT ZERO
OFBD' CA OFAE' C LM WO ;CCITIfUE TEST
OFCO' 9D C GI RD ;AND INfl'ING

OFC1' CA OFAE' C Im WO ;OTIEWISE, STORE DATA
C

OFC4' E7 C SAVIT: SEX R7 ;USE R7 AS THE PDOIER
OFcS' iS OE C LDI LM (STRADD)
0FC7' A7 C Pin R7 ;GET URR DATA
OFCS' 47 C IDA R7 ;ADIRES
0FC9' BD C PHI RD ;TRANSFI TO RD
OFCA' FEFT C XRI OFFT ;F INTO SAL. PAGE
0FCC' C2 0FF' C LBZ AIZTOP ;CEASE MU-IMMOM
0FCF' 07 C LEN R7 ;OTHER , CONTINJE
OFDO' AD C PLO RD
OFD' 9F C GHI BF ;STIRE TIM
OFD2' SD C STR RD
0FDY ID C INC RD
0FD4' 8F C GO RT
OFD5' 5D C STR RD
OFD6' 1) C INC RD
OFD7' 9A C GHI RA ;STORE TRAVEL TIME A
OFM' 5D C STR RD
0FD9' 1D C D RD
OFDA' A C GJO RA
0FDB' 5D C SR RD
0FBC' 1D C INC RD
OFDD' 9B C GaI RB ;STORE TRAVEL TIM B
OFIE' 5D C SR RD
OFDF' ID C INC RD
0FE' 8B C GIO RB
0FEI' 5D C SR RD
OFE2' 1D C i1- RD
OE3' 9C C GHI RC ;STORE TRAVEL TIME C
OFE4' 5D C SR RD
oFE' 1D c IC RD
oFE' 8C C GLO RC
OFE7' 5D C Sm RD
OFEB' 11) C INC RD
OFM' 8D C Gin RD ;SAVE CJRRENT STORE ADDRESS
OFEA' 73 C STXD
OFEB' 9D C GI RD
0FEC' 57 C STR R7
OFM' 30 F7' C BR SHTDWN

C
OFEF' F8 43 C AIS VP: I/I LOW (GOFLo) ;SINCE THE CURRENT
OFF' A7 C PLO R7 ;ADDRESS IS WITHIN
0FF2' r8 00 C LDI OOH ;GISAL PAGE, RESET THE
OFF4 57 C SR R7 ;GO FLAG BOTH
OFF5' 17 C INC R7 ;HIGH AND LOW
OFF6' 57 C Sm R7 ;AND SHUT DOWN

C
OFF7' 7B C SiR1WN: SEQ ;LOCK POWER CN
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OM'8 E3 C PDLmOP: SEX R3 ;RS~ POWER OC~rRL
OM'9 62 C our PWRRST ;FLIP FlaJ
OFFA' 00 C Ds OOH
coTB 71 C DIS ;DISAtBIE IhTFRRIFT
OFFIC 33 C De 33H
OFFD' 7A C RED;TR POER OFF AND
OFm' 00 C IDL ;%= 7RL UIT DRPS

CEN
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IITRFROATOR CONT~ROL/DATA LO3GEX (PNAVWGR.MAC) MACRO-18 3.36 PAGE S
WOO3DS HOL.E OCEAINaRAPHIC INST. OCEAN F2AINEIN

MCROS:
CALL CHAR? ERRO)R? GM16L REURN TYPKSG WRD?

ACTIVE 04C4' AD10 OD5E' AD100 01)67 * ADBIAS 0097'
ADDRS? O7BC' ADONtE 0094' AERROR 0081' AIM~h FF4A
ALS"O OFEF' ARMIDL 056D)' ASHD FF38 ASKOX 0113'
ASTH FF3C AMT 0594' ASTM FF3F ASLIM FF3E
AT 0457' AV? OBC2' k'1r21 00581' BACH 0108'
BM OD4E BEL 0007 BH1XtNE OD7A' BYiITCUT 0978'
CMlaC 0253' CALL 003A1' CAILCC 0A87' CLEAR 03F7'
CUlMC 03A4' (2D)P OA7B' ClOSE 0911' CIRCLO 0219'
aaRNrr 0005 CMID 07D)9' 0IT 0144' =flSE WAE'
OZAPAR 012B' CCNFIG 0012 CORM 0801)' CYlfl( 02F2'
CR 0001 aCC 0k58' CRCHI FF06 (KID FF00
CRCCUT 0AA,4' aWL 031)0' (a1ESP 031)6' CRTIS1' 0A06'
CrSr 012F' DAJ2CtE 016C' DATA 0006 DA17IN 0162'
DOM 0DB' DE)C OOPE' DEXAY 00A2' ME'I 07C9'
DIFFER 0143' DIEM FF45 DLE 0417' DSHD1 FF30
DSHFT O9EB' DSU1{ FF36 MMI~ 0095' EITIT 037A'
BOL O3CF' EX?$ 03F3' ERROR 043A' HWN 08F9:
ERVEC 0939' MT 0003 FE~tSK 012A' EXCff 038F'
EXDLY 00B6' =r1N 0360' EXIT 03C4' ECMi 0039'

HELP 059E' HDM~ FF4 HLFOUT 0905' 8'P3A 00851'
1? 0888' IDENT 08D)2' IDLEJ 04FE' IN=IA 01451'
INMC 034A' INDEZ 0196' IMG 041B' INIT 0000'
DOM~N 0)2k' IRM1'l 09C' D11'rP 0362' 1IYPE 001)71'
U)ADD 09AF' LWEGS 0027' LDSCE) OCBE' UMIfl 0B90'
LEI'ST 098A' 12 000A. LOAD 09A4' I=n 0401)'
1ATO 0026' LYPYR1 02Ck' LYPYR? 02C5' HiCIX 02821'
H=CU 0286' MAIN~ 0F48' l'EAlfl 048E' KDINM 0535'
HI#M FF26 KD4RF2 00D1' ?~FV 0A39' MOM~ 082F'
MOVJE OADF' I4OVIr 0626' MSR=H OF4B' NAME 03CC'
NCYQL 005C' NDA 014A' NO O3FE' NEC2ID O8AE'
NOM OA4A' NOUF 0A51' NMV1 08C6' ZZYTACT 0516'
N#M 0582' NUL 0000 NXTADD 0161)' l4XTD 09D)2'
1VKI1 0C72' ?CXTh FF8 WV1XCE 0331' CIK 041F'
orC 0423' a= O0C3F' a1W1 0C44' CtW2 004k'
CW3 OC4' aM) 0C54' OPEN 0925' OVE 0444
OVER~ 03EB' P? 0861' PDL0P OFF8' PHXIN 01E61'
PDIG 0003 PN? 089B' PNTR 0504' PRMfl3T 08EW
PRTr 0433' PRCMPT 003k P8181) 0353' PWRRST 0002
QYSCEQI 0)6' - JERRY 0941)' 9JETM 0635' RAM 1000
RAMMlS' 0615' RA!D 0C35' RC$ 031)k' REAIDY 0448'
REMR 039A' REMUR 004B1' RHTIST 0596' RSB2A 0067'
RSPEEC 0BEF' RSTFL 091A' RMM'I 0F63' RSTRX 038A'
R7%I 0034' RUN OACO' SiRD FF29 SlUM FF2F
S? 0875' SAIL~ 0360' SALTff OOCBI' SARNI 0F05'
SAT 058C' SAVIr OFC4' SAYIDL 0EE' SAYNOT1 0M28
SCI*MSG 04B3' SCE) 0451)' SCRACH FF05 SECS 044F'
SEEC 0001 SETAD 01)9A' SGOFL4 0340' SWFTC 0165'
SHIF 0078' SHIF'1C 0184' SERB 0089' SH'1h4 OFF7'
SIZE FOOO SNAP1M OEF9' SNDPNG 0F99' SP 031)4'
SPACE 0020 SPEC 0AA' SPOUTr 096F' SPSP 031)3'
STACK FEFF STATUJS 0007 STDAY 0465' STHCUR 0478'
ST!1IN 0482' STO)P 007E STORE 0A23' STPCU(K 0004
STRADD FFOE STRDE(- 0IDO' STR1NW 034E' T? 0862'
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TEST2 OFB6' TEST3 OFB9' TFSTRfl OFB TIME? OODC'
TICK FF17 TIM 0459' 17 03E5' TSTDA 0154'
TSDF 0300' TSMhC 00A6' TSTHR OOE TSTIQ( 0358'
TSTfIE 0318- TMT 02E4' TSTSP 099C TXIT 010B
TXIT OF37T TYPADO 095D' TOW~ 02MF U? low.
Um FF16 ULOCKY GM1' UPDATE 02B6' VERCYC OC6B'
VEZZIFY OC6A' WO 3FA W]. OFBO WAflM 0F7'
WAM~ OFA9' WRITE OC5D * WRTRR OC8D' WST5 00B2'
X2HEX 0 252' XGMl 0195' INDIE 0iC9' lINE 01C6'
INTF 038E'

NO3 FATAL ERROR(S)
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